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INIRODUCTION

This guideline 1s one of a series of test guidelines that have been
developed by the Office of Prevention, Pesticides and Toxic Substances,
United States Environmental Protection Agency for use in the tesung of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmonization that
blended the testing guidance and requurements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared i publications of the
National Technical Information Service (NTIS) and the guidelines pub-
lished by the Orgamization for Economic Cooperation and Development
(OECD)

The purpose of harmonizing these guirdelines into a single set of
OPPTS guidelines 1s to minimze vaniations among the testing procedures
that must be performed to meet the data requirements of the U S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U.S C 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(TUSC 136, er5eq)

Final Guideline Release: This guideline 1s available from the U.S.
Government Prinung Office, Washington, DC 20402 on disks or paper
copies: call (202) 512-0132 This gurdehne 1s also available electrontcally
in PDF (portable document format) from EPA’s World Wide Web site
(http://www epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmomzed Test
Guidelines *’
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OPPTS 870.5100 Bacterial reverse mutation test.

(a) Scope—(1) Applicability. This guideline s mtended to meet test-
ing requirements of both the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) (7 U S C 136, et seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used in developing this har-
monized OPPTS test guideline are OPPT 40 CFR 798 5100 Escherichia
coi WP2 and WP2 uvrA reverse mutation assays, OPPTS 40 CFR
798 5265 The salmonella typhimurium reverse mutation assay and OECD
471 and 472, Bactenal Reverse Mutation Test

(b) Purpose. (1) The bactenal reverse mutation test uses amino-acid
requinng strains of Salmonella nphimurium (S nphimurium) and
Eschenichia coli (E coli) to detect point mutations, which involve substi-
tution, addition or deletion of one or a few DNA base pairs (see references
in paragraphs (g)(1), (g)(2), and (g)(3) of this guideline) The prninciple
of this bacterial reverse mutation test s that it detects mutations which
revert mutations present in the test strains and restore the functional capa-
bility of the bactena to synthesize an essential amuno acid The revertant
bactena are detected by their ability to grow in the absence of the ammo
acid required by the parent test strain

(2) Point mutations are the cause of many human genetic diseases
and there 1s substantial evidence that point mutations in oncogenes and
tumour suppressor genes of somatic cells are involved m tumour formation
in humans and expenmental amimals The bactenal reverse mutation test
1s rapid, mnexpensive and relatively easy to perform Many of the test
strains have several features that make them more sensitive for the detec-
tion of mutations, including responsive DNA sequences at the reversion
sites, increased cell permeability to large molecules and elimination of
DNA repair systems or enhancement of error-prone DNA repair processes
The specificity of the test stramns can provide some useful information on
the types of mutations that are induced by genotoxic agents. A very large
data base of results for a wide vanety of structures 1s available for bactenal
reverse mutation tests and well-established methodologies have been de-
veloped for testing chemicals with different physico-chemucal properties,
including volatile compounds.

(c) Definitions. The definitions 1n section 3 of TSCA and 1n 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guidehine The following definitions also apply to this test gutdeline.

Reverse muuation test i either Salmonella typhimurium or
Escherichia coli detects mutation 1n an amino-acid requiring strain (histi-
dine or tryptophan, respectively) to produce a strain independent of an
outside supply of amino-acid



Base pair subsntution mutagens are agents that cause a base change
in DNA In a reversion test this change may occur at the site of the onginal
mutation, or at a second site 1n the bactenal genome

Frameshift mutagens are agents that cause the addition or deletion
of one or more base pairs in the DNA, thus changing the reading frame
in the RNA

Initial considerations. (1) The bactenal reverse mutation test uti-
lizes prokaryotic cells, which differ from mammalian cells 1n such factors
as uptake, metabolism, chromosome structure and DNA repair processes
Tests conducted in vitro generally require the use of an exogenous source
of metabolic activation In vitro metabolic activation systems cannot rmimic
entirely the mammalian iz vivo conditions The test therefore does not pro-
vide direct information on the mutagenic and carcinogenic potency of a
substance 1n mammals

(2) The bactenal reverse mutation test 1s commonly employed as an
creen for genotoxic activity and, in particular, for point mutation-
INUUL..., activity An extensive data base has demonstrated that many
chemucals that are positive 1n this test also exhtbit mutagenic activity 1n
other tests There are examples of mutagenic agents which are not detected
by this test, reasons for these shortcomungs can be ascribed to the specific
nature of the endpoint detected, differences 1n metabolic activation, or dif-
ferences 1n bioavailability On the other hand, factors which enhance the
sensitivity of the bacterial reverse mutation test can lead to an overestuma-
tion of mutagenic activity

(3) The bactenal reverse mutation test may not be appropnate for
the evaluation of certain classes of chemicals, for example highly bacten-
cidal compounds (e.g, certain antibiotics) and those which are thought
(or known) to interfere specifically with the mammahian cell rephicaton
system (e g., some topoisomerase inhibitors and some nucleoside ana-
logues). In such cases, mammalian mutation tests may be more appro-
pnate

(4) Although many compounds that are positive 1n this test are mam-
malian carctnogens, the correlation 1s not absolute It 1s dependent on
chemucal class and there are carcinogens that are not detected by this test
because they act through other, non-genotoxic mechanisms or mechanisms
absent 1n bactenal cells

(e) Test method—(1) Principle. (1) Suspenstons of bacterial cells are
exposed to the test substance in the presence and n the absence of an
exogenous metabolic acuvation system In the plate incorporation method,
these suspensions are mixed with an overlay agar and plated immediately
onto minimal medium In the preincubation method, the treatment mixture
1s 1ncubated and then mixed with an overlay agar before plating onto muni-
mal medium For both techmques, after 2 or 3 days of incubation, revertant
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colonies are counted and compared to the number of spontaneous revertant
colonies on solvent control plates

(1) Several procedures for performung the bactenal reverse mutation
test have been descnbed Among those commonly used are the plate incor-
poration method (see references in paragraphs (g)(1), (g)(2), (g)(3), and
(g)(4) of this gurdeline), the preincubation method (see references in para-
graphs (g)(2), (2)(3). (2)(5). (gX6), (gX7), and (g)8) of this gudeline),
the fluctuation method (see references in paragraphs (g)}9) and (g)(10)
of this guideline), and the suspension method (see reference in paragraph
(g)(11) of this gwmdeline) Suggestions for modifications for the testing of
gases or vapours have been described (see reference in paragraph (g)(12)
of this guideline)

() The procedures described 1n this guideline pertain primanly to
the plate incorporation and premncubation methods Either of them 1s ac-
ceptable for conducting expenments both with and without metabolic acti-
vauon Some compounds may be detected more efficiently using the
preincubation method These compounds belong to chemucal classes that
include short chain aliphatic mtrosamines, divalent metals, aldehydes, azo-
dyes and diazo compounds, pyrollizidine alkaloids, allyl compounds and
nitro compounds (see reference in paragraph (g)(3) of thuis guideline). It
15 also recognized that certain classes of mutagens are not always detected
using standard procedures such as the plate incorporation method or
preincubation method These should be regarded as ‘‘special cases’’ and
it 1s strongly recommended that alternative procedures should be used for
their detection The following ‘‘special cases’ could be identfied (to-
gether with examples of procedures that could be used for their detection)
azo-dyes and diazo compounds (see references 1in paragraphs (g)(3), (g)(5),
(g)6), and (g)(13) of this guideline), gases and volaule chemicals (see
references in paragraphs (g)(12), (g)(14), (g)(15), and (g)(16) of this guide-
line), and glycosides (see references in paragraphs (g)(17) and (g)(18) of
this gmdeline) A dewviation from the standard procedure needs to be sci-
entifically justified

(2) Description—(1) Preparations—(A) Bacteria. (1) Fresh cultures
of bactena should be grown up to the late exponential or early stationary
phase of growth (approximately 10° cells per ml). Cultures 1n late station-
ary phase should not be used The cultures used 1n the experiment should
contain a high titre of viable bactena. The titre may be demonstrated either
from historical control data on growth curves, or in each assay through
the determination of viable cell numbers by a plating experiment.

(2) The culture temperature should be 37 °C

(3) At least five strains of bactena should be used These should in-
clude four stratns of S ryphumurium (TA1535, TA1537 or TA97a or
TA97; TA98, and TA100) that have been shown to be rehable and
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reproducibly responsive between laboratonies These four S nyphunurium
strains have GC base pairs at the primary reversion site and it 1s known
that they may not detect certain oxidising mutagens, cross-linking agents
and hydrazines Such substances may be detected by E coli WP2 strains
or S nphimurium TA1Q2 (see reference 1n paragraph (g)(19) of this guide-
line) which have an AT base pair at the primary reversion site Therefore
the recommended combination of strains 1s

(1) § nphimuruum TA1535

(1) S typhumurium TA1537 or TA97 or TA97a
(i) § syphumurium TA98

(iv) § yphimurium TA100

(v) E coli WP2 uvrA, or E coli WP2 uvrA (pKMI101), or §
nyphimurium TA102

In order to detect cross-linking mutagens it may be preferable to include
TA102 or to add a DNA repair-proficient strain of E coli [e g , E.coli WP2
or E coli WP2 (pKM101) ]

(4) Established procedures for stock culture preparation, marker ver-
ification and storage should be used The amino-acid requirement for
growth should be demonstrated for each frozen stock culture preparation
(histidine for § ryphimurium strains, and tryptophan for E coli strains)
Other phenotypic charactenistics should be sumilarly checked, namely the
presence or absence of R-factor plasmids where appropnate {1 e ampicillin
resistance 1n strains TA98, TA100 and TA97a or TA97, WP2 uvrA and
WP2 uvrA (pKM101), and ampicillin + tetracychne resistance in strain
TA102], the presence of charactensuc mutations (1e¢ rfa mutation in .
typhimurium through sensiuvity to crystal violet, and uvrA mutation 1n
E coli or uvrB mutation 1n S ryphimurium, through sensitivity to ultra-
violet light) (see references in paragraphs (g)(2) and (g)(3) of this guide-
line) The strains should also yield spontaneous revertant colony plate
counts within the frequency ranges expected from the laboratory’s histori-
cal control data and preferably within the range reported 1n the literature.

(B) Medium. An appropriate mimumal agar (e g., contaiming Vogel-
Bonner minimal medium E and glucose) and an overlay agar containing
histidine and biotin or tryptophan, to allow for a few cell divisions, should
be used (see references in paragraphs (g)(1), (g)(2), and (g)(9) of this
guideline)

(C) Metabolic activation. Bacteria should be exposed to the test sub-
stance both 1n the presence and absence of an appropnate metabolic activa-
tion system The most commonly used system 1s a cofactor-supplemented
post-mutochondrial fracton (S9) prepared from the livers of rodents treated
with enzyme-inducing agents such as Aroclor 1254 (see references in para-
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graphs (g)(1) and (g)2) of this guideline) or a combination of
phenobarbitone and [-naphthoflavone (see references 1n paragraphs
(g)(18), (g)X20), and (g)(21) of this gudeline) The post-mitochondnal
fracuion 1s usually used at concentrations 1n the range from 5 to 30 percent
v/vn the S9-mix The choice and condition of a metabolic activation sys-
tem may depend upon the class of chemical being tested In some cases
it may be appropnate to utihize more than one concentration of post-
mitochondnal fractton For azo-dyes and diazo-compounds, using a reduc-
tive metabolic activation system may be more appropnate (see references
in paragraphs (g)(6) and (g)(13) of this guideline)

(D) Test substance/preparation. Solid test substances should be dis-
solved or suspended 1n appropriate solvents or vehicles and diluted if ap-
propriate prior to treatment of the bactena Liquid test substances may
be added directly to the test systems and/or diluted prior to treatment
Fresh preparations should be employed unless stability data demonstrate
the acceptability of storage

(1) Test conditions—(A) Solvent/vehicle. The solvent/vehicle should
not be suspected of chemucal reaction with the test substance and should
be compatible with the survival of the bacteria and the S9 activity (see
reference 1n paragraph (g)(22) of this gmdeline) If other than well-known
solvent/vehicles are used, thetr inclusion should be supported by data indr-
cating therr compaubility It 1s recommended that wherever possible, the
use of an aqueous solvent/vehicle be considered first When testing water-
unstable substances, the organic solvents used should be free of water

(B) Exposure concentrations. (/) Amongst the cntena to be taken
into constderation when determuning the highest amount of test substance
to be used are cytotoxicity and solubility 1n the final treatment mixture.
It may be useful to determune toxicity and wnsolubility 1n a prelirmnary
experument. Cytotoxicity may be detected by a reduction in the number
of revertant colomes, a clearing or dumnution of the background lawn,
or the degree of survival of treated cultures The cytotoxicity of a sub-
stance may be altered in the presence of metabolic activation systems. In-
solubility should be assessed as precipitation in the final muxture under
the actual test conditions and evident to the unaided eye. The rec-
ommended maximum test concentration for soluble non-cytotoxic sub-
stances 1s 5 mg/plate or Sul/plate For non-cytotoxic substances that are
not soluble at Smg/plate or Sul/plate, one or more concentrations tested
should be insoluble 1n the final treatment muxture Test substances that
are cytotoxic already below Smg/plate or Spl/plate should be tested up
to a cytotoxic concentration The precipitate should not interfere with the
sconng

(2) At least five different analysable concentrations of the test sub-
stance should be used with approximately half log (1e V10) intervals be-
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tween test pornts for an inittal expeniment Smaller intervals may be appro-
pniate when a concentration-response ts being investigated

(3) Testing above the concentration of 5 mg/plate or Sul/plate may
be considered when evaluating substances containing substantial amounts
of potentially mutagenic impurities

(C) Controls. (1) Concurrent strain-specific positive and negative
(solvent or vehicle) controls, both with and without metabolic activation,
should be included 1n each assay Positive control concentrations that dem-
onstrate the effective performance of each assay should be selected

(2) For assays employing a metabolic activation system, the positive
~ontrol reference substance(s) should be selected on the basis of the type
of bactena strains used The following chemicals are examples of suitable
positive controls for assays with metabolic activation-

Chemical CAS number

9,10-Dimethylanthracene 781-43-1]
7,12-Dimethylbenzanthracene 57-97-6]

Congo Red (for the reductive metabolic activation method) 573-58-0]
Benzo{a)pyrene 50-32-8)
Cyclophosphamide {(monohydrate) 50-18-0]

6055~19-2]

2-Aminoanthracene 613-13-8]

2-Amnoanthracene should not be used as the sole indicator of the efficacy
of the S9—mux. If 2-amunoanthracene 1s used, each batch of S9 shouid
also be charactenised with a mutagen that requires metabolic activation

by microsomal enzymes, e g , benzo(a)pyrene, dimethylbenzanthracene.

(3) For assays performed without metabolic activation system, exam-
ples of strain-specific positive controls are-

al CAS number Strain

(a) Sodium azide 26628-22-8] TA1535 and TA100

b} 2-Nitrofluorene 607-57-8) TA 98

{c) g-Aminoacndine or ICR 191 90-45-9} TA1537, TA97 and

17070-45-0] TA97a

d) Cumene hydroperoxide . 80-15-9 TA102

e) Mitomycin C 50-07-7 WP2 uvrA and TA102

{fy N-Ethyl-N-nitro-N-nitrosoguanidine or 70-25-7] WP2, WP2 uvrA and
WP2 uvrA (pKM101)

4-ntroquinoline 1-oxide 56-57-5]

{(9) Furylfuramide (AF-2) 3688-53-7} Plasmid-containing
strains

(4) Other approprniate posiive control reference substances may be
used The use of chemical class-related positive control chemicals may

be considered, when available

<
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(5) Negative controls. consisting of solvent or vehicle alone, without
test substance, and otherwise treated in the same way as the treatment
groups, should be included In addition, untreated controls should also be
used unless there are historical control data demonstrating that no delete-
rious or mutagenic effects are induced by the chosen solvent

(3) Procedure—(1) Treatment with test substance. (A) For the plate
incorporation method (see references in paragraphs (g)(1), (g)(2), (2)(3),
and (g)(4) of this guideline), without metabolic activauon, usually 005
ml or 0 1 ml of the test solutions, O 1 ml of fresh bactenal culture (contain-
ing approximately 108 viable cells) and 0 5 ml of sterile buffer are mixed
with 2 0 ml of overlay agar For the assay with metabolic activauon, usu-
ally 0 5 ml of metabolic activation muxture containing an adequate amount
of post-mitochondnal fraction (in the range from 5 to 30 percent v/v 1n
the metabolic activation muxture} are mixed with the overlay agar (20
ml), together with the bactena and test substance/test solution The con-
tents of each tube are mixed and poured over the surface of a minimal
agar plate The overlay agar 1s allowed to solidify before incubation

(B) For the preincubation method (see references in paragraphs (g)(2),
(8)(3), (g)(5), and (g)(6) of this gmdeline) the test substance/test solution
1s preincubated with the test stran (contaiming approxumately 108 viable
cells) and stenile buffer or the metabolic activation system (0.5 ml) usually
for 20 min or more at 30-37 °C pnior to muxing with the overlay agar
and pouning onto the surface of a mumimal agar plate Usually, 005 or
01 ml of test substance/test solution, 01 ml of bactena, and 0.5 ml of
S9-mix or stenle buffer, are mixed with 2 0 ml of overlay agar Tubes
should be aerated duning pre-incubation by using a shaker.

(C) For an adequate estimate of vanation, tnplicate platng should
be used at each dose level The use of duplicate plating 1s acceptable when
scientifically justified The occasional loss of a plate does not necessanly
invalidate the assay

(D) Gaseous or volatile substances should be tested by appropnate
methods, such as in sealed vessels (see references in paragraphs (g)(12),
(g)(14), (g)(15), and (g)(16) of this gmdeline)

(1) Incubation. All plates in a given assay should be incubated at
37 °C for 48-72 hours After the incubation peniod, the number of
revertant colonies per plate 1s counted

(f) Data and reporting—(1) Treatment of results. (1) Data should
be presented as the number of revertant colomes per plate. The number
of revertant colonies on both negauve (solvent control, and untreated con-
trol 1f used) and positive control plates should also be given
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(1) Individual plate counts the mean number of revertant colonies
per plate and the standard deviation should be presented for the test sub-
stance and positive and negative (untreated and/or solvent) controls

(1) There 1s no requirement for verification of a clear positive re-
sponse Equivocal resuits should be clanfied by further testing preferably
using a modification of expenmental conditions Negative results need to
be confirmed on a case-by-case basis In those cases where confirmation
of negative results 1s not considered necessary, justification should be pro-
vided Modification of study parameters to extend the range of conditions
assessea should be considered 1n follow-up expenments Study parameters
that mught be modified include the concentration spacing, the method of
treatment (plate incorporation or hquid preincubation), and metabolic acti-
vation conditions

(2) Evaluation and interpretation of results, (1) There are several
cntenia for determuning a positive result, such as a concentraton-related
increase over the range tested and/or a reproducible increase at one or
more concentrations n the number of revertant colonies per plate n at
least one strain with or without metabolic activation system (see reference
i paragraph (g)(23) of this guideline) Biological relevance of the results
should be considered first Statistical methods may be used as an aid 1n
evaluating the test results (see reference 1n paragraph (g)(24) of this guide-
line) However, statistical significance should not be the only determining
factor for a positive response

(11) A test substance for which the results do not meet the above cni-
tenia 1s considered non-mutagenic in this test

(m) Although most experiments will give clearly positive or negative
results, 1n rare cases the data set will preclude making a definite judgement
about the actuvity of the test substance Results may remain equivocal or
questionable regardless of the number of times the experiment 1s repeated

(1v) Positive results from the bactenal reverse mutation test indicate
that a -: tance induces point mutations by base substituons or
frameshifts in the genome of either Salmonella typhimurium and/or
Escherichia coli Negative results indicate that under the test conditions,
the test substance 1s not mutagenic 1n the tested species.

(3) Test report. The test report should include the following informa-
tion.

(1) Test substance.
(A) Identification data and CAS no, if known
(B) Physical nature and punty

(C) Physicochermcal properties relevant to the conduct of the study.

£
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(D) Stability of the test substance, 1f known
(1) Solvent/vehicle
(A) Justufication for choice of solvent/vehicle

(B) Solubility and stability of the test substance tn solvent/vehicle,
if known

(1) Strains

(A) Strains used

(B) Number of cells per culture
(C) Strain charactenstics

(1v) Test conditions

(A) Amount of test substance per plate (mg/plate or ml/plate) with
rationale for selection of dose and number of plates per concentration

(B) Media used

(C) Type and composition of metabolic activation system, including
acceptability cnitena

(D) Treatment procedures
(v) Results

(A) Signs of toxicity

(B) Signs of precipitation
(C) Indrvidual plate counts

(D) The mean number of revertant colonies per plate and standard
deviation

(E) Dose-response relationship, where possible
(F) Staustical analyses, if any

(G) Concurrent negative (solvent/vehicle) and positive control data,
with ranges, means and standard deviations

(H) Histonical negative (solvent/vehicle) and positive control data,
with e g., ranges, means and standard deviations

(v1) Discussion of the results

{vn) Conclusion



(g) References. The following references should be consuited for ad-
ditional background information on this test guideline

(1) Ames, B N, McCann, J, and Yamasaki, E Methods for Detecting
Carcinogens and Mutagens With the Salmonella/Mammalian-Microsome
Mutagenicity Test Mutation Research 31, 347-364 (1975)

(2) Maron, DM and Ames, B N Revised Methods for the Salmonella
Mutagenicity Test Mutation Research 113, 173-215 (1983)

(3) Gatehouse, D et al Recommendations for the Performance of
Bacterial Mutation Assays Mutation Research 312, 217-233 (1994)

(4) Kier, LD et al The Salmonella Typhimunum/Mammalian
Microsomal Assay A Report of the U S Environmental Protection Agency
Gene-Tox Program Mutation Research 168, 69-240 (1986)

(5) Yahagi, T et al Mutagemcity of Carcinogen Azo Dyes and Their
Denvatives Cancer Letters 1, 91-96 (1975)

(6) Matsushima, M et al Factors Modulating Mutagenicity Microbial
Tests (Ed) Norpoth, K H and Garner, R C Short-Term Test Systems for
Detecting Carcinogens (Spninger, Berlin-Heidelberg-New York, 1980) pp.
273-285

(7) Gatehouse, D G et al Bactenal Mutation Assays (Ed) Kirkland,
D.J Basic Mutagenicity Tests UKEMS Part 1 Revised (Cambndge Uni-
versity Press, 1990) pp 13-61

(8) Aeschbacher, HU, Wolleb, U, and Porchet, LJ Liquid
Preincubation Mutagenicity Test for Foods. Food Safety 8, 167-177
(1987)

(9) Green, MHL , Munel, WJ, and Bnidges, BA Use of a Sim-
plified Fluctuation Test to Detect Low Levels of Mutagens Mutation Re-
search 38, 3342 (1976)

(10) Hubbard, S A et al The Fluctuation Test in Bactena. (Ed)
Kilbey, B J, Legator, M, Nichols, W, and Ramel C. Handbook of Muta-
genicity Test Procedures 2nd Edition (Elsevier, Amsterdam-New York-
Oford, 1984) pp. 141-161

(11) Thompson, ED and Melampy, PJ An Examunation of the
Quantitative Suspension Assay for Mutagenesis With Strains of Salmonella
Typhimunum. Environmental Mutagenes:s 3, 453-465 (1981).

(12) Araki, A et al Improved Method for Mutagenicity Testing of
Gaseous Compounds by Using a Gas Sampling Bag Muzration Research
307, 335-344 (1994)

10

“

7



¥

(13) Prival, M J et al Mutagenicity of Benzidine and Benzidine-Con-
gener Dyes and Selected Monoazo Dyes in a Modified Salmonella Assay
Mutation Research 136, 33-47 (1984)

(14) Zeiger, E et al Salmonella Mutagenicity Tests V Results from
the Tesung of 311 Chemucals Environmental and Molecular Mutagenesis
19 2-141 (1992)

(15) Simmon, V , Kauhanen, K, and Tardiff, R G Mutagenic Activ-
ity of Chemucals Identified in Dninking Water (Ed) Scott, D, Bndges,
B, and Sobels, F Progress in Genetic Toxicology (Elsevier, Amsterdam.
1977) pp 249-258

(16) Hughes, TJ et al Vaponzation Technique to Measure Muta-
gemic Activity of Volatlle Organic Chemucals in the Ames/Salmonella
Assay Environmental Mutagenesis 9, 421441 (1987)

(17) Matsushima, T et al Mutagenicity of the Naturally Occurring
Carcinogen Cycasin and Synthetic Methylazoxy Methane Conjugates 1n
Salmonella Typhimunnum Cancer Research 39, 3780-3782 (1979)

(18) Tamura, G et al Fecalase A Model for Activation of Dietary
Glycosides to Mutagens by Intestinal Flora Proceedings of the National
Academy of Sciences USA 77, 49614965 (1980)

(19) Wilcox, P et al Companson of Salmonella Typhimurium TA
102 With Eschenichia Colt WP2 Tester Strains Mutagenesis 5, 285-291
(1990)

(20) Matsushima, T et al A Safe Substitute for Polychlonnated
Biphenyls as an Inducer of Metabolic Activation Systems (Ed) F.J de
Serres et al In Vitro Metabolic Activation in Mutagenesis Testing
(Elsevier, North Holland, 1976) pp 85-88

(21) Elliott, BM et al Altenatives to Aroclor 1254-Induced S9 in
In Vitro Genotoxtcity Assays Mutagenesis 7, 175-177 (1992)

(22) Maron, D, Katzenellenbogen, J., and Ames, BN Compatibility
of Organic Solvents With the Salmonella/Microsome Test Mutation Re-
search 88, 343-350 (1981)

(23) Claxton, L.D et al Gude for the Salmonella Typhimurium/
Mammalian Microsome Tests for Bactenal Mutagenicity Mutation Re-
search 189, 83-91 (1987)

(24) Mahon, GAT et al Analysis of Data from Microbial Colony
Assays UKEMS Sub-Commuttee on Guidelines for Mutagemicity Testung
Part II. (Ed) Kirkiand, DJ Statisical Evaluation of Mutagenicity Test
Data (Cambndge Umversity Press, 1989) pp 28-65

11



SEPA

United States Prevention Pesticides EPA712-C-98-215
Enwviron~ental Protection and Toxic Substances August 1998
Agency (7101}

Health Effects Test
Guidelines

OPPTS 870.5140
Gene Mutation in
Aspergillus nidulans




INTRODUCTION

This guideline 1s one of a series of test guidelines that have been
developed by the Office of Prevention, Pesticides and Toxic Substances,
United States Environmental Protection Agency for use in the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmomization that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
National Technical Information Service (NTIS) and the guidelines pub-
lished by the Orgamization for Economic Cooperation and Development
(OECD)

The purpose of harmonizing these guidelines into a single set of
OPPTS guidelines 1s to minumize vanations among the testing procedures
that must be performed to meet the data requirements of the U S Enwviron-
mental Protection Agency under the Toxic Substances Control Act (15
U S C 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7TUSC. 136, et seq)

Final Guideline Release: This guideline 1s available from the U.S
Govemnment Pnnting Office, Washington, DC 20402 on disks or paper
copies call (202) 512-0132 This guideline 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http //www epa.gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmonmized Test
Guidelines *’



1.

OPPTS 870.5140 Gene mutation 1n Aspergilius nidulans

(a) Scope—(1) Applicability. This guideline 1s intended to meet test-
ing requirements of both the Federal Insecticade, Fungicide, and
Rodenticide Act (FIFRA) (7 US C 136 et seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used in developing this har-
monized OPPTS test guideline are OPPT 40 CFR 798 5140 Gene
mutations in Aspergillus mdulans and OPP 84-2 Mutagenicity Testing
(Pesticide Assessment Guidelines, Subdivision F—Hazard Evaluation,
Human and Domestic Ammals) EPA report 540/09-82-025, 1982.

(b) Purpose. Aspergtillus nidulans (A nidulans) 1s a eukaryotic fungus
which has been developed to detect and study a vanety of genetic phenom-
ena including chemucally induced mutagenesis A mdulans can be used
to detect both forward and reverse gene mutation. These mutations are
detected by changes 1n colonial morphology or nutritional requirements
in treated populations The methionine and 2-thioxanthine forward muta-
tion systems can be used to detect mutations in A nidulans

(c) Definitions. The defimitions 1n section 3 of TSCA and 1 40 CFR
Part 792—Good- Laboratory Practice Standards (GLP) apply to this test
guideline The following definition also applies to this test guideline.

Forward mutation s a gene mutation from the wild (parent) type to
the mutant condition

(d) Reference substances. These may include, but need not be hm-
ited to, ethyl methanesulfonate, cyclophosphamude, or aflatoxin B,

(e) Test method—(1) Principle. Conidia are exposed to the test
chemucal both with and without metabolic activation and plated on selec-
tive medium to determine changes 1n colomal morphology or nutritional
requirements At the end of a suitable incubation penod, mutant colonies
are counted and compared to the number of spontaneous mutants in an
untreated control culture Simultaneous determination of survival permuts
calculation of mutation frequency

(2) Description. Tests for mutation 1n A mdulans are performed 1n
liquid suspension Treated comdia are plated on selecuve medium to deter-
mine changes 1n nutritional requirements or colontal morphology.

(3) Strain selection—(1) Designation. For the methiomne and 2-
thioxanthine systems the haploid Glascow biAl, meth G1 strain 1s the most
commonly used strain although other strains may be appropnate Any
translocation-free strain which produces green colomes on thioxanthine
free medium and yellow colonies on medium containing thioxanthine may
be used 1n the thioxanthine system



(1t) Preparation and storage Stock culture preparation and storage
growth requirements. method of strain identificauon and demonstration of
appropriate  phenotypic requirements should be performed using good
microbiological techniques and should be documented

(1) Media. Any medium which supports growth and a charactenisuc
colonmal morphology may be used 1n the assay

(4) Preparation of conidia. Prior to chemucal treatment, comidia from
four to five single colonies of the appropniate strain are grown at 37 °C
on complete medium At the end of the incubation period, conidia are
collected, comdial chains broken up, mycelial debris removed and comdia
concentrated prior to removal of the germination inhibitory substance Ger-
munation mhibitory substance should be removed by Tween 80 or diethyl
ether

(5) Metabolic activation. Conidia should be exposed to a test sub-
stance both 1n the presence and absence of an appropriate metabolic activa-
tion system

(6) Control groups. Concurrent positive and negative (untreated and/
or vehicle) controls both with and without metabolic acttvation should be
included 1n each experiment

(7) Test chemicals—(1) Vehicle. Test chemucals and positive control
reference substances should be dissolved 1n an appropnate vehicle and then
further diluted 1n vehicle for use 1n the assay.

(n) Exposure concentrations. (A) The test should mitially be per-
formed over a broad range of concentrations selected on the basis of a
prelimunary assay. Effective treatment times should also be selected 1n the
preliminary assay.

(B) Each test should include five treatment points, two at fixed con-
centrations for different ime periods, and three at varying concentrations
for fixed periods of tume

(C) Among the critena to be taken into consideration for determining
the upper lumuts of test chemical concentration are cytotoxicity and solu-
bility Cytotoxicity of the test chemical may be altered in the presence
of a metabolic activation system Relatively insoluble chemicals should
be tested up to the limuts of solubility For freely soluble nontoxic chem-
cals, the upper test chemucal concentration should be determined on a case-
by-case basis

(D) When appropnate, a posttive response should be confirmed by
using a narrow range of test concentrations

(f) Test Performance—(1) Treatment. Germunating or quiescent
contdia tn liquid suspension should be exposed to the test chemical at

2



37 °C under conditions of yellow light and controlled pH and oxygen ten-
sion At the end of the exposure period. treatment should be termunated
by repeated centrifugation and washing of the conidia or by dilution
Chemucal neutralization of the test agent may also be used but 1s not rec-
ommended

(2) Media—(1) Methionine system. For the methionine system,
conidia should be plated on methionine defictent medium for mutant selec-
tion and on medium supplemented with methionine to determune survival

(n) Thioxanthine system. (A) For the 2-thioxanthine system, treated
conmdia should be plated on mitrogen-free glucose and salts mimmal me-
dium containing 2-thioxanthine

(B) After incubation, green colonies should be counted and 1solated
by restreaking The 1solated colomes should be classified on the basis of
genetic cntena Yellow, wild-type colones will grow on the same plate
This permuts concurrent determnation of survival and an estimation of
mutation frequency

(3) Determination of mutation frequency and viability. In both sys-
tems, mutation frequency and viability should be determined immed:ately
before and immediately after chemical treatment

(4) Incubation conditions. All incubations should be at 37 °C Incu-
bation ume will vary depending upon system and endpoint (mutation or
viabihity) being determined

(5) Number of cultures. (1) At least 10 independent plates per con-
centration with no more than 20 colonies per plate should be used 1n the
methionine system.

(n) Fifteen to twenty plates per concentration are preferred for the
2-thioxanthine system

(g) Data and report—(1) Treatment of results. Individual plate
counts for test substance and controls should be presented for both muta-
tion induction and survival The mean number of colomes per plate and
standard deviation should also be presented Data should be presented
tabular form indicating, as apphcable, numbers of colonies counted, and
numbers and classification of mutants identfied Sufficient detail shouid
be provided for venfication of survival and mutation frequenctes

(2) Statistical evaluation. Data should be evaluated by appropnate
statistical methods

(3) Interpretation of results. (1) There are several critena for deter-
mining a positive result, one of which 1s a statistically sigmificant dose-
related increase 1n the number of mutant colonies. Another cnterion may
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be based upon detection of a reproducible and stausucally significant posi-
tive response for at least one of the test points

(u) A test substance which does not produce etther a stausucally sig-
nificant dose-related increase tn the number of mutant colonies or a statis-
tically significant and reproducible positive response at any one of the
test ponts 1s considered nonmutagenic 1n this system

(1) Both biological and statistical significance should be considered
together 1n the evaluation

(4) Test evaluation. (1) Positive results from the methionine and 2-
thioxanthine systems in A nidulans indicate that, under the test conditions,
the test substance causes gene (point) mutations in the DNA of this orga-
nism caused by base-pair changes and small deletions 1n the genome

(1) Negative results indicate that under the test conditions the test
chemucal 1s not mutagenic in A nidulans

(5) Test report. In addition to the reporting recommendations as
specified under 40 CFR part 792, subpart J, the following specific informa-
tion should be reported

(1) Strain of organism used 1n the assay

(1) Test chemucal vehicle, doses used, rationale for dose selection,
and toxicity data

(1) Method used for preparation of conidia

(1v) Treatment conditions, including length of exposure and method
used to stop treatment.

(v) Details of both the protocol used to prepare the metabolic activa-
tion system and of 1ts use 1n the assay

(v1) Incubation times and temperature
(vi1) Positive and negative controls
(vin) Dose-response relationship, if applicable

(h) References. The following references should be consulted for ad-
ditional background matenal on this test guideline

(1) Ames, BN et al Methods for detecting carcinogens and mutagens
with the Salmonella/mammalian-microsome mutagenicity test. Muration
Research 31.347-364 (1975)

(2) Kafer, E et al Aspergillus mdulans: systems and results of tests
for chermucal induction of mutotic segregation and mutation. I Diploid and
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duplication assay systems a report of the US EPA s Gene-Tox Program
Mutration Research 98 148 (1982)

(3) Munson, RJ and Goodhead, D T Relation between induced mu-
tation frequency and cell survival a theoretical approach and an examuna-
tion of expenimental data for eukaryotes Mutation Research 42 145-159
(1977)

(4) Scott, BR et al Aspergillus mdulans systems and results of tests
for mitotic segregatton and mutation II Haploid assay systems and overall
response of all systems a report of the US EPA’s Gene-Tox Program.
Mutarion Research 98 49-94 (1982)
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INTRODUCTION

This guideline 15 one of a senies of test guidelines that have been
developed by the Office of Prevention, Pesucides and Toxic Substances
United States Environmental Protection Agency for use n the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmomization that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
National Technical Information Service (NTIS) and the guidelines pub-
lished by the Orgamization for Economic Cooperation and Development
(OECD)

The purpose of harmonizing these guidelines into a single set of
OPPTS guidelines 1s to minimize vanations among the testing procedures
that must be performed to meet the data requirements of the U S. Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U S C 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7TUSC 136, et seq )

Final Guideline Release: This guideline 1s available from the U S
Government Pninting Office, Washington, DC 20402 on disks or paper
copies call (202) 512-0132 This guideline s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http //www epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmonized Test
Guidelines *’
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OPPTS 870 5195 Mouse biochemical speciic locus test.

(a) Scope—(1) Applicability This guideline 1s intended to meet test-
ing requirements of both the Federal Insecucide, Fungicide, and
Rodenticide Act (FIFRA) (7 U S C 136, er seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used in developing this har-
monized OPPTS test guideline are OPPT 40 CFR 798.5195 Mouse bio-
chemucal specific locus test and OPP 84-2 Mutagenicity Testing (Pesticide
Assessment Guidelines, Subdivision F—Hazard Evaluation, Human and
Domestic Animals) EPA report 540/09-82-025, 1982.

(b) Purpose. The mouse biochemical specific locus test (MBSL) may
be used to detect and quantitate mutations orniginattng m the germ hine
of a mammalian species

(¢) Defimtions. The defimtions 1n section 3 of TSCA and in 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guideline The following definitions also apply to this test guideline

Biochemical specific locus mutation 1s a genetic change resulting from
a DNA lesion causing alterations in proteins that can be detected by
electrophoretic methods

Germ lLine compnses the cells in the gonads of higher eukaryotes,
which are the camers of the genetic information for the species.

(d) Test method—(1) Principle. The principle of the MBSL 1s that
hentable damage to the genome can be detected by electrophoretic analysis
of proteins 1n the tissues of the progeny of mice treated with germ cell
mutagens

(2) Description, For technical reasons, males rather than females are
generally treated with the test chemical Treated males are then mated to
untreated females to produce F; progeny Both blood and kidney samples
are taken from progeny for electrophoretic analysis. Up to 33 loci can
be examuned by starch-gel electrophoresis and broad-range isoelectric fo-
cussing. Mutants are 1dentified by vanations from the normal
electrophoretic pattern Presumed mutants are bred to confirm the genetic
nature of the change

(3) Animal selection—1) Species and strain. Mice should be used
as the test species Although the biochemical specific locus test could be
performed 1n a number of inbred strains, in the most frequently used cross,
CS57BL/6 females are mated to DBA/2 males to produce (C57BL/6 X
DBA/2) F, progeny

(ii) Age. Healthy, sexually mature (at least 8 weeks old) ammals
should be used for treatment and breeding
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(i) Number. A decision on the minimum number of treated animals
should take into account possible effects of the test chemucal on the ferul-
ity of the treated animals Other considerations should include

(A) The production of concurrent spontaneous controls
(B) The use of positive controls
(C) The power of the test

(4) Control groups—(1) Concurrent controls. An appropniate num-
ber of concurrent control loc1 should be analyzed in each experument
These should be partly derived from matings of untreated animals (from
5 to 20 percent of the treated matings), although some data on control
loci can be taken from the study of the alleles transmutted from the un-
treated parent in the expenimental cross However, any laboratory which
has had no pnior expenience with the test should produce a spontaneous
control sample of about 5,000 progeny animals and a positive control sam-
ple (using 100 mg/kg ethylmtrosourea) of at least 1,200 offspring

(u) Historical controls. Long-term, accumulated spontaneous control
data (currently, 1 mutation 1n 1,200,000 control loc1 screened) are available
for comparative purposes

(5) Test chemicals—(1) Vehicle. When possible, test chemucals
should be dissolved or suspended in distilled water or buffered isotonic
saline Water-insoluble chemucals should be dissolved or suspended 1n ap-
propnate vehicles The vehicle used should neither interfere with the test
chemucal nor produce major toxic effects Fresh preparations of the test
chemical should be employed

(1) Dose levels Usually, only one dose need be tested. This should
be the maximum tolerated dose (MTD), the highest dose tolerated without
toxic effects. Any temporary stenility induced due to elimination of
spermatogoma at this dose must be of only moderate duration, as deter-
muned by a return of males to fertility within 80 days after treatment. For
evaluation of dose-response, 1t 1s recommended that at least two dose lev-
els be tested.

(1) Route of administration. Acceptable routes of admnistration
include, but are not himuted to, gavage, inhalation, and mixture with food
or water, and intrapenitoneal or intravenous injections

(e) Test performance—(1) Treatment and mating. Male DBA/2
mice should be treated with the test chemucal and mated to virgin
CS57BL/6 females immediately after cessation of treatment Each treated
male should be mated to new virgin C57BL/6 females each week Each
pairing will continue for a week until the next week’s mating 1s to begin
This mating schedule permats sampling of all post-spermatogonial stages
of germ-cell development during the first 7 weeks after exposure
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Spermatogomal stem cells are studied thereafter Repeated mating cycles
should be conducted unul sufficient offspring have been obtained to meet
the power criterion of the assay for spermatogonial stem cells

(2) Examination of offspring—(1) Birth and weaning. Offspnng
should be examuned at birth and at weaning for externally detectable
changes in morphology and behavior, these could be due to domunant
mutations Such charactenstics may include, but are not limited to, van-
ations 1n coat color, appearance of eyes, size (in which case weighing
of vanant animals and littermates should be carned out), fur texture, etc
Gross changes 1n external form and behavior should also be sought Scru-
tiny of such visible charactenstics of all ammals should be made during
all subsequent manipulations of the animals

(11) Tissue sampling Blood (about 0 1 mL) and one kidney should
be removed from progeny mice under anesthesia Both tssues are then
prepared for analysis by electrophoresis

(1) Electrophoresis The gene products of 6 loc1 should be analyzed
in the blood sample by broad-range isoelectric focusing and of 27 loci
in the kidney sample by starch-gel electrophoresis and enzyme-spectfic
staining Details on these procedures are included 1n paragraphs (h)(2) and
(h)(3) of this guideline

(1v) Mutant identification Presumptive electrophoretic mutants
should be identified by vanation from the normal electrophoretic banding
patterns Reruns of all variant samples should be performed to confirm
the presence of altered banding patterns Samples from parents of progeny
exhibiung banding pattern vanations should be assayed to determune
whether the vanant was induced by the expenmental treatment or was
pre-existing. All treatment-induced vanants are bred to determine the ge-
netic nature of the change.

(f) Data and reports—(1) Treatment of results. Data should be pre-
sented 1n tabular form and should permut independent analysis of cell
stage-specific effects, and dose-dependent phenomena The data should be
recorded and analyzed 1n such a way that clusters of identical mutations
are clearly identified The individual mutants detected should be thor-
oughly described In addition, concurrent positive control data (if em-
ployed) and spontaneous control data should also be tabulated These con-
current controls should be added to, as well as compared with, the histori-
cal control data

(2) Statistical evaluation. Data should be evaluated by appropnate
statistical methods

(3) Interpretation of results (1) There are several cntena for deter-
mining a positive response, one of which 1s a statistically significant dose-
related increase 1n the frequency of electrophoretic mutations Another cn-
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terion may be based upon detection of a reproducible and statistically sig-
nificant positive response for at least one of these test points

(11) A test chermucal which does not produce a statistically significant
increase in the frequency of electrophoretic mutations over the spontaneous
frequency, or a statistically significant and reproducible positive response
for at least one of the test points, 1s considered nonmutagenic 1n this sys-
tem, provided that the sample size 1s sufficient to exclude a biologically
significant increase 1n mutation frequency

(m1) Biological and statistical significance should be considered to-
gether in the evaluation

(4) Test evaluation (1) Positive results in the MBSL indicate that,
under the test conditions, the test chemical induces hentable gene
mutations 1n a mammalian species

(n) Negative results indicate that, under the test conditions, the test
chemucal does not induce hentable gene mutations 1n a mammalian spe-
cies

(5) Test report In addition to the reporting requirements as specified
under 40 CFR part 792, subpart J, the following specific information
should be reported-

(1) Strain, age, and weight of ammals used, numbers of animals of
each sex 1n expenmental and control groups

(n) Test chemucal vehicle, doses used, rationale for dose selection,
and toxicity data, 1f available

(ur) Route and duration of exposure

(1v) Maung schedule

(v) Number of loc1 screened for both treated and spontaneous data
(v1) Critena for scorning mutants

(vii) Number of mutants found/locus

(vii1) Loc1 at which mutations were found

(ix) Use of concurrent negative and positive controls

(x) Dose-response relauonship, if applicable

(g) Additional requirements. Testing faciliies conducting the mouse
biochemucal specific locus test 1in accordance with this section should, 1n
addition to adhering to the provisions of 40 CFR 792 190 and 792 195,
obtain, adequately 1dentify and retain for at least 10 years, acceptable 35-
mm photographs (and their negatives) of the stained 1soelectric-focusing
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columns and the stained starch-gels obtained following analyses of blood
and kidney preparations respectively, from mutant muce, their siblings,
and their parents

(h) References. The following references should be consulted for ad-
ditional background matenal on this test guideline

(1) Johnson, FM et al The detection of mutants in mice by
electrophoresis  Results of a model induction experiment with
procarbazine Genetics 97 113-124 (1981)

(2) Johnson, FM and Lewis, S E Mutation rate determunations based
on electrophoretic analysis of laboratory muce Mutation Research 82 125-
135 (1981)

(3) Johnson, FM and Lewis, S E Electrophoretically detected ger-
mmal mutations induced by ethylmitrosourea in the mouse Proceedings
of the Nanional Academy of Sciences 78 3138-3141 (1981)

(4) Lewis, SE et al Domunant visible and electrophoretically ex-
pressed mutations induced 1n male mice exposed to ethylene oxide by 1n-
halation Environmental Mutagenesis 8 867-872 (1986)
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INTRODUCTION

This guideline 1s one of a senes of test guidelines that have been
developed by the Office of Prevention, Pesticides and Toxic Substances.
United States Environmental Protection Agency for use in the tesung of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this gurdeline through a process of harmomzation that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pestucide Programs (OPP) which appeared in publications of the
National Technical Information Service (NTIS) and the guideltnes pub-
lished by the Orgamization for Economuc Cooperation and Development
(OECD).

The purpose of harmomizing these guidelines into a single set of
OPPTS guidelines 1s to munmumize varnations among the testing procedures
that must be performed to meet the data requirements of the U S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U.S C 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7USC 136, et seq )

Final Guideline Release: This guideline 1s available from the U S
Government Printing Office, Washington, DC 20402 on disks or paper
copies: call (202) 512-0132 This guideline 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http //Iwww epa.gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientusts/Test Methods and Guidelines/OPPTS Harmomzed Test
Guidelines ™’
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OPPTS 870 5200 Mouse visible specific locus test

(a) Scope—(1) Applicabifity. This guideline ts intended to meet test-
ing requirements of both the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) (7 U S C 136 er seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used in developing this har-
monized OPPTS test guideline are OPPT 40 CFR 798 5200 Mouse visible
specific locus test and OPP 84-2 Mutagenicity Testing (Pesticide Assess-
ment Guidelines, Subdivision F—Hazard Evaluation, Human and Domes-
tic Animals) EPA report 540/09-82-025, 1982

(b) Purpose. The mouse visible specific locus test (MSLT) may be
used to detect and quantitate mutations in the germ hne of a mammalian
species

(¢) Definitions. The definitions 1n section 3 of TSCA and 1n 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guideline The following defimtions aiso apply to this test guideline

Germ line 1s the cells 1n the gonads of higher eukaryotes which are
the carners of the genetic information for the species

Visible specific locus mutation 1s a genetic change that alters factors
responsible for coat color and other visible charactenistics of certain mouse
strains

(d) Test method—(1) Principle. (1) The pnnciple of the MSLT 1s
to cross individuals who differ with respect to the genes present at certatn
specific loci, so that a genetic alteration involving the standard gene at
any one of these loc1 will produce an offspring detectably different from
the standard heterozygote The genetic change may be detectable by var-
1ous means, depending on the loci chosen to be marked

(1) Three vanations of the method currently exist for detecting newly
arising point mutations 1n mouse germ cells

(A) The wisible specific locus test using either five or seven loci.
(B) The biochemical specific locus test using up to 20 enzymes
(C) The test for mutations at histocompatibility loc

(1) Of the three tests, the visible specific locus test has been most
widely used 1n assessing genetic hazard due to environmental agents. It
is the method descnibed 1n this guideline

(2) Description. For technical reasons, males rather than females are
generally treated with the test agent Treated males are then mated to fe-
males which are genetically homozygous for certain specific visible marker
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loct Offspring are examuned in the next generation for evidence that a
new mutation has arisen

(3) Animal selectton-—(1) Species and strain. Mice should be used
as the test species Male muce should be either (C3HxIO)F, or
(101xC3H)F, hybnids Females should be T stock virgins

(11) Age. Healthy sexually mature ammals should be used

(in) Number. A decision on the minimum number of treated animals
should take 1nto account the spontaneous varniation of the biological charac-
terization being evaluated Other considerations should include

(A) The use of either historical or concurrent controls
(B) The power of the test

(C) The munimal rate of induction required

(D) The use of positive controls

(E) The level of significance desired

(1v) Assignment to groups. Animals should be randomized and as-
signed to treatment and control groups

(4) Control groups—(1) Concurrent controls. The use of positive
or spontaneous controls 1s left to the discretion of the investigator. How-
ever, any laboratory which has had no prior expenence with the test
should, at its first attempt, produce a negative control sample of 20,000
and a positive control, using 100 mg/kg 1-ethylmtrosourea, in a sample
of 5,000 offspring

(1) Historical controls. Long-term, accumulated spontaneous control
data of 43/801,406 are available for comparative purposes

(5) Test chemicals—{1) Vehiclee. When possible, test chemicals
should be dissolved or suspended in distilled water or isotonic saline
buffered appropnately, if needed, for stability. Water-insoluble chemucals
should be dissolved or suspended in appropnate vehicles The vehicle used
should neither interfere with the test compound nor produce major toxic
effects Fresh preparations of the test chemucal should be employed

(11) Dose levels. Usually, only one-dose level need be tested This
should be the highest dose tolerated without toxic effects, provided that
any temporary stenlity induced due to elimunation of spermatagoma 1s of
only moderate duration, as deterruned by a return of males to feruiity
within 80 days after treatment For evaluation of dose-response, 1t is rec-
ommended that at least two dose levels be tested

2

(L™



(1) Route of administration. Acceptable routes of admunistration
include gavage, inhalation, admuxture with food or water, and IP or IV
injections

(e) Test performance—(1) Treatment and mating Hybrid F,
(C3Hx101) or (101xC3:H) male muce should be treated with the test sub-
stance and immediately mated to virgin T stock females Each treated male
should be mated to a fresh group of two to four virgin females each week
for 7 weeks, after which he should be returned to the first group of females
and rotated through the seven sets of females repeatedly This mating
schedule generally permuts samphng of all postspermatagonial stages of
germ cell development during the first 7 weeks and rapid accumulation
of data for exposed spermatagonial stem cells thereafter Repeated mating
cycles should be conducted until the entire spermatogonial cycle has been
evaluated and enough offspring have been obtained to meet the power
criterion of the assay

(2) Examination of offspring. (1) Offspnng may be examined at (or
soon after) birth but must be examined at about 3 weeks of age at which
tume the numbers of mutant and nonmutant offspring 1n each litter should
be recorded

(1) Nonmutant progeny should be discarded Mutant progeny should
be subjected to genetic tests for venfication

(f) Data and report—(1) Treatment of results. Data should be pre-
sented 1n tabular form and should permit independent analysis of cell-stage
specific effects and dose-dependent phenomena. The data should be re-
corded and analyzed in such a way that clusters of tdentical mutations
are clearly identified The individual mutants detected should be thor-
oughly descnbed. In addition, concurrent positive and negative control
data, if they are available, should be tabulated so that 1t 1s possible to
differentiate between concurrent (when available) and long-term accumu-
lated mutation frequencies

(2) Statistical evaluation. Data should be evaluated by appropnate
staustical methods

(3) Interpretation of results. (1) There are several cnitena for deter-
mining a positive result, one of which 1s a statistically sigmificant dose-
related increase 1n the number of specific locus mutations Another cn-
terion may be based upon detection of a reproducible and statstically sig-
nificant positive response for at least one of the test points.

(u) A test substance which does not produce either a statistically sig-
nificant dose-related increase in the number of specific locus mutations
or a statistically sigmficant and reproducible positive response at any one
of the test points 1s considered nonmutagenic 1n this system
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(1) Both biological and statistical significance should be considered
together in the evaluation

(4) Test evaluation. (1) Positive results in the MSLT indicate that
under the test conditions the test substance induces hentable gene
mutations tn the test species

(1) Negative results indicate that under the test conditions the test
substance does not induce heritable gene mutations 1n the test species

(5) Test report. In addition to the reporting requirements as specified
under 40 CFR part 792, subpart J, the following specific information
should be reported

(1) Strain, age, and weight of animals used, number of ammals of
each sex 1n expenimental and control groups

(1) Test chemcal vehicle, doses used, rationale for dose selection,
and toxicity data

(ii1) Route and duration of exposure

(1v) Mating schedule

(v) Tume of examination for mutant progeny
(v1) Cntena for scortng mutants

(vn) Use of concurrent or negative controls
(vui) Dose response relationship, 1f applicable

(g) Additional requirements. Testng facilities conducting the mouse
visible specific locus test in accordance with this section should, in addi-
tion to adhening to the provisions of 40 CFR 792 190 and 792.195 obtain,
and retain for at least 10 years, acceptable 35-mm color photographs (and
their negatives) demonstraung the visible mutations observed in mutant
animals and the lack of such mutations in their siblings and parents

(h) References. The following references should be consulted for ad-
ditional background matenal on this test gurdeline

(1) Russell, L.B et al. The mouse specific locus test with agents other
than radiations interpretation of data and recommendations for future
work A report of the US EPA’s Gene-Tox Program Mutation Research
86.329-354 (1981)

(2) [Reserved]
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INTRODUCTION

This guideline 15 one of a series of test guidelnes that have been
developed by the Office of Prevention, Pesticides and Toxic Substances,
United States Environmental Protection Agency for use in the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmonization that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter 1, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
National Technical Information Service (NTIS) and the guidelines pub-
lished by the Orgamzation for Economic Cooperation and Development
(OECD)

The purpose of harmomzing these gwdehines into a single set of
OPPTS guidelines 1s to mummuze variations among the testing procedures
that must be performed to meet the data requirements of the U S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U S C 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7USC 136, et seq)

Final Guideline Release: This guideline 1s available from the U.S.
Government Pninting Office, Washington, DC 20402 on disks or paper
copies call (202) 512-0132 This gurdeline 1s also avatlable electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http //www epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmonized Test
Guidelines ’
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OPPTS 870.5250 Gene mutation in Neurospora crassa

(a) Scope—(1) Applicability. This guideline 15 intended to meet test-
ing requiurements of both the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) (7 U S C 136, et seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used in developing this har-
momzed OPPTS test guideline are OPPT 40 CFR 798 5250 Gene mutation
in Neurospora crassa and OPP 84-2 Mutagenicity Testing (Pesticide As-
sessment Guidelines, Subdivision F—Hazard Evaluation, Human and Do-
mestic Anumals) EPA report 540/09-82-025, 1982

(b) Purpose Neurospora crassa (N crassa) 1s a eukaryotic fungus
which has been developed to detect and study a vanety of genetic phenom-
ena including chemucally induced mutagenesis N crassa can be used to
detect both forward and reverse gene mutation These mutations are de-
tected by biochemucal or morphological changes in the treated population
The most commonly used mutation assay tn N crassa measures forward
mutation 1n the ad-3 region of the genome

{c) Definitions. The definitions 1n section 3 of TSCA and in 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guideline. The following defimtion also applies to this test guideline

Forward mutanion 1s a gene mutation from the wild (parent) type to
the mutant condition

(d) Reference substances. These may include, but need not be hm-
ited to, ethyl or methyl methanesulfonate

(e) Test method—(1) Principle. The detection of forward mutations
at the ad-3 locus 1n either homokaryons or heterokaryons may be used
However, use of two component heterokaryons is recommended because
of the greater range of mutations which can be recovered In erther case,
the test relies on the 1dentification of purple (mutant) colomes among a
large number of white (wild-type) colonies A representative sample of
purple colonies can be recovered and thoroughly analyzed genetically.

(2) Description. Forward mutations at the ad-3 locus can be detected
using noncolomal strains of N crassa grown on media containing sorbose
as well as glucose. Under these conditions, colonies are formed and repro-
ducible colomal morphology results Adenine-requirning mutants which ac-
cumulate a reddish-purple pigment can be readily identified and counted

(3) Strain selection—(1) Designation. At the present tume,
heterokaryon 12 1s recommended for use in this assay The use of other
strains may also be appropnate

(1) Preparation and storage. Stock culture preparation and storage,
growth requirements, method of strain identification, and demonstration
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of appropriate phenotypic requirements should be performed using good
microbtological techniques and should be documented

(1) Media. Frie's No 3 mummal medium or Westgaard’s Synthetic
medium with 15 percent agar or any medium known to support growth
and charactenstic colonial morphology may be used in the assay

(4) Preparation of comdia. Stock cultures should be grown on muni-
mal medium to select for single colonies with noncolonial morphology
Single-colony 1solates then should be inoculated into agar flasks and incu-
bated at 35 °C for 48 hours to select colonies with spreading growth pat-
terns 1n which mycelha cover the entire flask Flasks should be incubated
at 23-25°C and those with bnght orange comdia selected for preparation
of comdial suspensions Suspensions should be diluted for use 1n disulled
water

(5) Metabolic activation. Conidia should be exposed to a test sub-
stance both 1n the presence and absence of an appropnate metabolic activa-
tton system.

(6) Control groups. Concurrent positive and negative (untreated and/
or vehicle) controls both with and without metabolic activation should be
included 1n each experument

(7) Test chemicals—(1) Vehicle. Test chemucals and positive control
reference substances should be dissolved 1n an appropnate vehicle and then
further diluted in vehicle for use 1n the assay

(1) Exposure concentrations. (A) The test should mitially be per-
formed over a broad range of concentrations selected on the basis of a
preliminary assay Effective treatment times should also be selected 1n the
preliminary assay.

(B) Among the criteria to be taken into consideration for determuning
the upper limats of test chemucal concentration are cytotoxicity and solu-
bility. Cytotoxicity of the test chemucal may be altered in the presence
of metabolic activation systems For toxic chemucals, the highest con-
centration tested should not reduce survival below 10 percent of that seen
1n the control cultures Relatively insoluble chemucals should be tested up
to the limts of solubibity For freely soluble nontoxic chemucals, the upper
test chemucal concentration should be determined on a case-by-case basis.

(C) Each test should include five treatment points, two at fixed con-
centrations for different time periods and three at varying concentrations
for fixed peniods of time

(D) When approprniate, a posttive response should be confirmed by
testing over a narrow range of concentrations
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(f) Test performance——(1) Treatment. (1) Growing or nongrowing
conidia should be exposed to the test chemucal with and without metabolic
activation At the end of the exposure period, treatment should be termu-
nated by chemical quenching The quenching solution may contain 01
percent sodium thiosulfate

(1) Comcha should then be plated on the appropriate media to deter-
muine mutation induction and viability At the end of the incubation period,
colonies should be scored for viability and mutation induction

(m1) Mutants should be classified according to color and morphology

(1v) Both mutation frequency and viability should be determuned both
immediately before and immediately after chemical treatment

(2) Incubation conditions. All plates in a given test should be 1ncu-
bated for the same time period This incubation pertod may be from 2
to 7 days at 30°C

(3) Number of cultures. Generally, 15 to 20 individual plates per
concentration should be used

(g) Data and report—(1) Treatment of results. Individual plate
counts for test substance and controls should be presented for both muta-
tion 1nduction and survival The mean number of colomes per plate and
standard deviation should be presented Data should be presented in tabular
form indicating, as applicable, numbers of colomes counted, numbers of
mutants 1dentified, and classification of mutants (e.g, color segregants).
Sufficient detail should be provided for verification of survival and muta-
tton frequencies

(2) Statistical evaluation. Data should be evaluated by appropnate
statistical techniques

(3) Interpretation of results. (1) There are several cnteria for deter-
muning a positive result, one of which 1s a statistically significant dose-
related increase 1in the number of mutant colomes Another cniterion may
be based upon detection of a reproducible and statistically significant posi-
tive response for at least one of the test points

(1) A test substance which does not produce ether a statistically sig-
nificant dose-related increase in the number of mutant colonies or a statis-
tically significant and reproducible positive response at any one of the
test points 1s considered nonmutagenic 1n this system.

(1) Both biological and statistical significance should be considered
together 1n the evaluation



(4) Test evaluation. (1) Positive results from the ad-3 system in N
crassa indicate that, under the test conditions, the test substance causes
mutations 1n the DNA of this organism

(11) Negative results indicate that under the test conditions the test
substance 1s not mutagenic in N crassa

(5) Test report. In addition to the reporting recommendations as
specified under 40 CFR part 792, subpart J, the following specific informa-
tion should be reported

(1) Strain of organism used in the assay

{u11) Test chemucal vehicle, doses used, and rationale for dose selec-
tion

(1) Method used for preparation of conidia

(1v) Treatment conditions, including length of exposure and method
used to stop treatment

(v) Incubation times and temperature

(v1) Details of both the protocol used to prepare the metabolic activa-
tion system and of its use 1n the assay

(vu) Dose-response relationship, if applicable

(h) References. The following references should be consulted for ad-
ditional background matenal on this test gmdeline

(1) Brockman, H.E. and de Serres, FJ. Induction of ad-3 mutants
of Neurospora crassa by 2-aminopunne Gerenics 48 597-604 (1963)

(2) de Serres, F.J and Malling, H V Measurement of recessive lethal
damage over the entire genome and at two specific loci 1n the ad-3 region
of a two-component heterokaryon of Neurospora crassa Chemucal
mutagens: pnnciples and methods for thewr detection. Vol 2, Ed
Hollaender, A Plenum, New York and London (1971) pp 311-342

(3) Matzinger, P.K and Ong, T-M In vitro activation of aflatoxin
B: to metabolites mutagenic in Neurospora crassa. Mutation Research

37:27-32 (1976)
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INTRODUCTION

This guideline 1s one of a senes of test guidelines that have been
developed by the Office of Prevention, Pesticides and Toxic Substances,
United States Environmental Protection Agency for use in the testing of
pesticides and toxic substances, and the development of test data that must
be subrutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmonization that
blended the testing guidance and requirements that existed 1n the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter [, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
Nauonal Technical Information Service (NTIS) and the gudelines pub-
lished by the Organization for Economic Cooperation and Development
(OECD).

The purpose of harmonizing these guidelines into a single set of
OPPTS gudelines 1s to munimize vanations among the testing procedures
that must be performed to meet the data requirements of the U S. Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U S.C 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7US.C 136, et seq)

Final Guideline Release: This guideline 1s available from the U.S.
Government Pninting Office, Washington, DC 20402 on disks or paper
copies call (202) 512-0132. This guideline 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http*//www epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmonized Test
Guidelines.””
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OPPTS 870.5275 Sex-linked recessive lethal test In Drosophiia
melanogaster.

(a) Scope—(1) Applicability. This guideline 15 intended to meet test-
ing requirements of both the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) (7 U S C 136, er seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used in developing this har-
momzed OPPTS test guideline are OPPT 40 CFR 798 5275 Sex-linked
recessive lethal test in Drosophila melanogaster and OECD 477 Genetc
Toxicology  Sex-Linked Recessive Lethal Test in Drosophila
melanogaster

(b) Purpose. The sex-linked recessive lethal (SLRL) test using
Drosophila melanogaster (D melanogaster) detects the occurrence of
mutations, both point mutations and small deletions, in the germ line of
the insect This test 1s a forward mutation assay capable of screening for
mutations at about 800 loci on the X-chromosome. This represents about
80 percent of all X-chromosome loc: The X-chromosome represents ap-
proximately one-fifth of the entire haploid genome

(c) Definitions. The definitions 1n section 3 of TSCA and in 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guideline The following definitions also apply to this test guideline

Lethal mutation 1s a change in the genome which, when expressed,
causes death to the carner.

Recessive mutation 1s a change i the genome which 1s expressed
in the homozygous or hemizygous condition

Sex-linked genes are present on the sex (X or Y) chromosomes. Sex-
linked genes 1n the context of this guideline refer only to those located
on the X-chromosome

(d) Reference substances. These may include, but need not be lim-
ited to, ethyl methanesulfonate or N-nitrosodimethylamine

(e) Test method—(1) Principle. Mutations 1n the X-chromosome of
D melanogaster are phenotypically expressed in males carrying the mutant
gene. When the mutation 1s lethal in the hemizygous condition, 1its pres-
ence 1s inferred from the absence of one class of male offspnng out of
the two that are normally produced by a heterozygous female. The SLRL
test takes advantage of these facts by means of specially marked and ar-
ranged chromosomes

(2) Description. Wild-type males are treated and mated to appropnate
females Female offspring are mated individually to their brothers, and
in the next generation the progeny from each separate dose are scored
for phenotypically wild-type males Absence of these males indicates that
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a sex-linked recessive lethal mutation has occurred 1n a germ cell of the
P, male

(3) Drosophila stocks. Males of a well-defined wild type stock and
females of the Muller-5 stock may be used Other appropriately marked
female stocks with multiple inverted X-chromosomes may also be used

(4) Control groups—(1) Concurrent controls. Concurrent positive
and negative (vehicle) controls should be included 1n each experiment

(1) Positive controls. Examples of positive controls include ethyl
methanesulfonate and N-nitrosodimethylamine

(1) Other positive controls. Other positive control reference sub-
stances may be used

(1v) Negative controls. Negative (vehicle) controls should be in-
cluded The size of the negative (vehicle) control group should be deter-
mined by the availability of appropnate laboratory historical control data.

(5) Test chemicals—(1) Vehicle. Test chemucals should be dissolved
in water Compounds which are msoluble in water may be dissolved or
suspended 1n appropniate vehicles (e g , a mixture of ethanol and Tween-
60 or 80) and then diluted 1n water or saline prnior to administration The
use of dimethylsulfoxide as a vehicle should be avoided

(1) Dose levels. For the imtial assessment of mutagenicity, it 1s suffi-
cient to test a single dose of the test substance for screening purposes
This dose should be the maximum tolerated dose, or that which produces
some indication of toxicity, or should be the highest dose attainable. For
dose-response purposes, at least three additional dose levels should be
used

(1) Route of administration. Exposure may be oral, by injection
or by exposure to gases or vapors Feeding of the test compound may
be done 1n sugar solution When necessary, substances may be dissolved
in 0 7 percent NaCl solution and 1njected into the thorax or abdomen.

(f) Test performance—(1) Treatment and mating. Wild-type males
(3 to 5 days old) should be treated with the test substance and mated
individually to an appropnate number of virgin females from the Muller-
5 stock or females from another appropnately marked (with multuply-in-
verted X-chromosomes) stock The females should be replaced with fresh
virgins every 2 to 3 days to cover the entire germ cell cycle The offspring
of these females are scored for lethal effects corresponding to the effects
on mature sperm, mud or late stage spermatids, early spermatids, spermato-
cytes and spermatogonia at the time of treatment

(2) F, matings. Heterozygous F; females from the above crosses
should be allowed to mate windividually (1€, one female per vial) with
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their brothers In the F> generation, each culture should be scored for the
absence of wild-type males If a culture appears to have arisen from an
F, female carrying a lethal in the parental X-chromosome (1€, no males
with the treated chromosome are observed), daughters of that female with
the same genotype should be tested to ascertain if the lethality 1s repeated
1n the next generation

(3) Number of matings. (1) The test should be designed with a pre-
determined sensitivity and power The number of flies in each group
should reflect these defined parameters The spontaneous mutant frequency
observed 1n the appropnate control group will strongly influence the num-
ber of treated chromosomes that must be analysed to detect substances
which show mutation rates close to those of the controls.

(1) Test results should be confirmed 1n a separate experument

(g) Data and report—(1) Treatment of results. Data should be tab-
ulated to show the number of chromosomes tested, the number of nonfer-
tile males and the number of lethal chromosomes at each exposure con-
centration and for each matng penod for each male treated Numbers of
clusters of different size per male should be reported

(2) Statistical evaluation. Data should be evaluated by appropnate
statistical techniques

(3) Interpretation of results. (1) There are several cnteria for deter-
muning a positive result, one of which 1s a statistically significant dose-
related increase in the number of sex-lined recessive lethals. Another cn-
terion may be based upon detection of a reproducible and statistically sig-
nificant positive response for at least one of the test points

(1) A test substance which does not produce either a statistically sig-
nificant dose-related increase 1n the number of sex-linked recessive lethals
or a statistically sigmificant and reproducible positive response at any one
of the test points 1s considered non-mutagenic in this system

(ii1) Both biological and statistical significance should be considered
together in the evaluation

(4) Test evaluation (1) Positive results in the SLRL test in D
melanogaster wndicate that under the test conditions the test agent causes
mutations 1n germ cells of this 1nsect

(1) Negative results indicate that under the test conditions the test
substance 1s not mutagenic 1n D melanogaster

(5) Test report. In addition to the reporting recommendations as
specified under 40 CFR part 792, subpart J the following specific informa-
tton should be reported



(1) Drosophila stock used 1n the assay, age of insects, number of
males treated, number of sterile males, number of Fz cultures established,
number of F2 cultures without progeny

(1) Test chemucal vehicle, treatment and sampling schedule, exposure
levels, toxicity data, negative (vehicle) and positive controls, 1f appropnate

(i) Cntena for sconng lethals

(1v) Number of chromosomes tested, number of chromosomes scored,
number of chromosomes carrying a lethal mutation

(v) Historical control data, if available
(v1) Dose-response relationship, if applicable

(h) References. The following references should be consulted for ad-
ditional background matenal on this test guideline

(1) Sobels, F.H and Vogel, E The capacity of Drosophila for detect-
ing relevant genetic damage Mutation Research 41 95-106 (1976).

(2) Wurgler FE et al Drosophila as assay system for detecting ge-
netic changes Handbook of mutagenicity test procedures. Eds. Kilbey,
B.J, Legator, M, Nichols, W, Ramel, C Elsevier/North Holland Bio-
medical, Amsterdam (1977) pp 335-373
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INTRODUCTION

This guideline 1s one of a senes of test gmdelines that have been
developed by the Office of Prevention, Pesticides and Toxic Substances,
Umited States Environmental Protection Agency for use in the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulattons

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guidehine through a process of harmonization that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
National Technical Information Service (NTIS) and the guidelines pub-
hished by the Orgamzation for Economic Cooperation and Development
(OECD)

The purpose of harmonizing these gwdelines into a single set of
OPPTS guidelines i1s to minimize variations among the testng procedures
that must be performed to meet the data requirements of the U S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U S C 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(TUSC 136, er seq )

Final Guideline Release: This guideline 1s available from the U.S
Government Prninting Office, Washington, DC 20402 on disks or paper
copies call (202) 5120132 This gmdeline 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http*//www epa.gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmomzed Test
Guidelines ™’
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OPPTS 870 5300 In vitro mammalian cell gene mutation test.

(a) Scope—(1) Applicability. This guideline 1s mtended to meet test-
ing requirements of both the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) (7 U S C 136, et seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used 1n developing this har-
momnized OPPTS test gmdeline are OPPT 40 CFR 798 5300 Detection of
gene mutations 1n somatic cells in culture and OECD 476, In Vitro Mam-
mahan Cell Gene Mutation Test

(b) Introduction. The in vitro mammahian cell gene mutation test
can be used to detect gene mutations induced by chemucal substances. Suit-
able cell lines include L5178Y mouse lymphoma cells, the CHO, AS52
and V79 lines of Chinese hamster cells, and TK6 human lymphoblastord
cells (see reference 1n paragraph (g)(1) of this gudeline) In these cell
lines the most commonly-used genetic endpoints measure mutation at thy-
mudine kinase (TK) and hypoxanthine-guanine phosphonbosyl transferase
(HPRT), and a transgene of xanthine-guanine phosphonbosyl transferase
(XPRT) The TK, HPRT and XPRT mutation tests detect different spectra
of genetic events The autosomal location of TK and XPRT may allow
the detection of genetic events (e g, large deletions) not detected at the
HPRT locus on X-chromosomes (see references in paragraphs (g)(2),
(2)(3). (g)(4).(g)3). and (g)(6) of this gmdeline)

(c) Definitions. The defimtions 1n section 3 of TSCA and mn 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guideline The following defimtions also apply to this test gurdeline

Base pair substitution mutagens are substances which cause substi-
tution of one or several base pairs in the DNA

Forward mutation 1s a gene mutation from the parental type to the
mutant form which gives nise to an alteration or a loss of the enzymatic
activity or the function of the encoded protein

Frameshift mutagens are substances which cause the addition or dele-
tion of single or multiple base pairs in the DNA molecule.

Mutant frequency 1s the number of mutant cells observed divided by
the number of viable cells

Phenotypic expression time 1s a peniod dunng which unaltered gene
products are depleted from newly mutated cells

Relative suspension growth 1s an ncrease imn cell number over the
expression period relative to the negative control

Relative rotal growth 1s an increase n cell number over time com-
pared to a control population of cells, calculated as the product of suspen-
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sion growth relauve to the negative control umes cloning efficiency rel-
ative to negative control

Survival 1s the cloning efficiency of the treated cells when plated at
the end ot the treatment period, survival 1s usually expressed in relation
to the survival of the control cell population

Viabiin 1s the cloning efficiency of the treated cells at the time of
plating in selective conditions after the expression period

(d) Initial considerations. (1) In the in vitrro mammahan cell gene
mutation test, cultures of established cell hines or cell strains can be used
The cells used are selected on the basis of growth abuity in culture and
stability of the spontaneous mutation frequency Tests conducted in vitro
generallv require the use of an exogenous source of metabolic activation
This metabolic activation system cannot mumic entirely the mammalian
in vivo conditions Care should be taken to avoid conditions which would
lead to results not reflecting intnnsic mutagenicity Positive resuits which
do not reflect intnnsic mutagenicity may anise from changes 1in pH, osmo-
lality or high levels of cytotoxicity (see reference in paragraph (g)(7) of
this guideline)

12) Thus test 1s used to screen for possible mammalian mutagens and
carcinogens Many compounds that are positve 1n this test are mammatian
carcinogens, however, there 1s not a perfect correlation between this test
and carcinogenicity Correlation 1s dependent on chemical class and there
ts increasing evidence that there are carcinogens that are not detected by
this test because they appear to act through other, non-genotoxic mecha-
msms or mechanisms absent 1n bactenal cells (see reference in paragraph
(g)(6) of this guideline).

(e) Test method—(1) Principle. (1) Cells deficient in thymudine ki-
nase (TK) due to the mutation TK+- -> TK+ are resistant to the cytotoxic
effects of the pyrimudine analogue tnfluorothymudine (TFT) Thymudine
kinase proficient cells are sensitive to TFT, which causes the mhibition
of cellular metabolism and halts further cell division. Thus mutant cells
are able to proliferate in the presence of TFT, whereas normal cells, which
contain thymudine kinase, are not. Sumularly, cells deficient in HPRT or
XPRT are selected by resistance to 6-thioguamne (TG) or 8-azaguamne
(AG) The properties of the test substance should be considered carefully
if a base analogue or a compound related to the selective agent 15 tested
in any of the mammalian cell gene mutation tests. For example, any sus-
pected selective toxicity by the test substance for mutant and non-mutant
cells should be investigated. Thus, performance of the selection system/
agent must be confirmed when tesing chemicals structurally related to
the selective agent (see reference in paragraph (g)(8) of this guideline).

(1) Cells 1n suspension or monolayer culture are exposed to the test
substance, both with and without metabolic acuvation, for a suitable period
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of ume and subcultured to determune cytotoxicity and to allow phenotypic
€xpression prior to mutant selection (see references 1n paragraphs (g)(9).
g)10), (g)(11), (g)X12), and (g)(13) of this guideline) Cytotoxicity 1s usu-
ally deterrmuned by measuning the relative cloning efficiency (survival) or
relative total growth of the cultures after the treatment period The treated
cultures are maintatned 1n growth medium for a sufficient peniod of time.
charactenistic of each selected locus and cell type. to allow near-optimal
phenotypic expression of induced mutations Mutant frequency 1s deter-
mined by seeding known numbers of cells in medium containing the selec-
tive agent to detect mutant cells, and 1n medium without selecive agent
to determune the cloning efficiency (viability) After a suitable incubation
tume, colonies are counted The mutant frequency 1s denved from the num-
ber of mutant colomes in selecive medium and the number of colontes
1n non-selective medium

(2) Description—(1) Preparations—(A) Cells. (]) A vanety of cell
types are avaitlable for use in this test including subclones of L5178Y,
CHO, CHO-AS52, V79, or TK6 cells Cell types used tn this test should
have a demonstrated sensitivity to chemical mutagens, a high cloning effi-
ciency and a stable spontaneous mutant frequency Cells should be
checked for Mycoplasma contarmination and should not be used if contamu-
nated

(2) The test should be designed to have a predetermuned sensitivity
and power The number of cells, cultures and concentrations of test sub-
stance used should reflect these defined parameters (see reference in para-
graph (g)(14) of this gmideline) The munimal number of viable cells sur-
viving treatment and used at each stage 1n the test should be based on
the spontaneous mutation frequency A general guide 1s to use a cell num-
ber which 1s at least ten times the inverse of the spontaneous mutation
frequency However, 1t 1s recommended to utilise at least 10% cells Ade-
quate historical data on the cell system used should be available to indicate
consistent performance of the test

(B) Media and culture conditions. Appropnate culture media and
incubation conditions (culture vessels, temperature, CO, concentration and
humudity) should be used Media should be chosen according to the selec-
tive systems and cell type used 1n the test. It 1s particularly important that
culture conditions should be chosen that ensure optimal growth of cells
duning the expression period and colony formung ability of both mutant
and non-mutant cells

(C) Preparation of cultures. Cells are propagated from stock cul-
tures, seeded 1n culture medium and incubated at 37 °C. Prior to use
this test, cultures may need to be cleansed of pre-exising mutant cells.

(D) Metabolic activation. Cells should be exposed to the test sub-
stance both 1n the presence and absence of an appropnate metabolic activa-
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tion system The most commonly used system 1s a co-factor-supplemented
post-mutochondrtal fraction (S9) prepared from the livers of rodents treated
with enzyme-inducing agents such as Aroclor 1254 (see references n para-
graphs (g)(13), (g)16), (g)17), and (g)(18) of this guideline) or a com-
bination of phenobarbitone and B-naphthoflavone (see references in para-
graphs (g)(19) and (g)(20) of this gmdeline) The post-rtochondnal frac-
tion 1s usually used at concentrations in the range from 1-10 percent
v/v in the final test medium The choice and condition of a metabolic
activation system may depend upon the class of chemical being tested
In some cases 1t may be appropnate to utilize more than one concentration
of post-mitochondnal fracton A number of developments, including the
construction of genetically engineered cell lines expressing specific activat-
ing enzymes, may provide the potential for endogenous activation The
choice of the cell lines used should be scientifically justified (e g , by the
relevance of the cytochrome P450 1soenzyme to the metabolism of the
test substance)

(E) Test substance/preparations. Solid test substances should be dis-
solved or suspended 1n appropniate solvents or vehicles and diluted 1f ap-
propniate prior to treatment of the cells Liquid test substances may be
added directly to the test systems and/or diluted prior to treatment. Fresh
preparations should be employed unless stability data demonstrate the ac-
ceptability of storage

(1) Test conditions—(A) Solvent/vehicle. The solvent/vehicle should
not be suspected of chemucal reaction with the test substance and should
be compatible with the survival of the cells and the S9 acuwity. If other
than well-known solvent/vehicles are used, their inclusion should be sup-
ported by data indicating thewrr compatibality It 1s recommended that wher-
ever possible, the use of an aqueous solvent/vehicle be considered first.
When testing water-unstable substances, the organic solvents used should
be free of water Water can be removed by adding a molecular sieve

(B) Exposure concentrations. (/) Among the criteria to be consid-
ered when determuning the highest concentration are cytotoxicity and solu-
bility 1n the test system and changes 1n pH or osmolality

(2) Cytotoxicity should be determined with and without metabolic ac-
tivation 1n the main expeniment using an appropnate indicator of cell integ-
rty and growth, such as relauve cloning efficiency (survival) or relauve
total growth It may be useful to determune cytotoxicity and solubihity in
a prelimunary expenment.

(3) At least four analysable concentrations should be used. Where
there 1s cytotoxicity, these concentrations should cover a range from the
maximum to hittle or no toxicity, this will usually mean that the concentra-
tion levels should be separated by no more than a factor between 2 and
V10 If the maximum concentration 1s based on cytotoxicity then 1t should
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result 1n approximately 10-20 percent but not less than 10 percent relative
survival (relative cloning efficiency) or relauve total growth For relauvely
non-cytotoxic compounds the maximum concentration should be
5 mg/ml, 5ul/ml, or 0 01 M. whichever 1s the lowest

(4) Relauvely msoluble substances should be tested up to or beyond
thewrr limut of solubility under culture conditions Ewvidence of insolubihity
should be determined in the final treatment medium to which cells are
exposed. It may be useful to assess solubility at the beginning and end
of the treatment, as solubility can change dunng the course of exposure
in the test system due to presence of cells, §9, serum etc Insolubility
can be detected by using the unaided eye The precipitate should not inter-
fere with the sconng

(C) Controls. (/) Concurrent posiive and negative (solvent or vehi-
cle) controls both with and without metabolic activation should be included
in each experiment When metabolic activation 1s used the positive control
chemucal should be one that requires activation to give a mutagenic re-
sponse

(2) Examples of positive control substances include

Metabolic Activation cendttion Locus Chemical CAS number
Absence of exogenous meta- HPRT Ethylmethanssulfonate [62-50-0]
bolic activation
Ethyinitrosourea 759-73-9]
TK {smalt and Methylmethanesulfonate 66—27-3]
Iar?e colonies)
XPR Ethyimethanesulfonate 62-50-0]
Ethylnitrosourea 759-73-9]
Presence of exogencus meta- | HPRT 3-Methylcholanthrene 56—49-5]
bolic activation
N-Ntrosodimethylamine 62-75-9
7.12-Dimethylbenzanthracene 57-97-6
TK {small and Cyclophosphamide 50-18-0
large coloriss) (monohydrate) [6055-19-2})
Benzo(a)pyrene 50-32-8
3-Methyicholanthrene 56-49-5
XPRT N-Nitrosodimethylarmine {62~75-8
(for tugh levels of S-9)
Benzo{a)pyrene {50-~-32-8]

(3) Other appropriate positive control reference substances may be
used, e g, if a laboratory has a historical data base on 5-Bromo 2'-
deoxyundine [CAS no 59-14-3}, this reference substance could be used
as well The use of chemucal class-related positive control chemicals may
be considered, when available

(4) Negative controls, consisung of solvent or vehicle alone in the
treatment medium, and treated 1n the same way as the treatment groups
should be included In addition, untreated controls should also be used
unless there are historical control data demonstrating that no deletenous
or mutagenic effects are induced by the chosen solvent
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(3) Procedure—(1) Treatment with test substance. (A) Prohiferating
cells should be exposed to the test substance both with and without meta-
bolic activation Exposure should be for a suitable period of tume (usually
3 to 6 hours 1s effective) Exposure tme may be extended over one or
more cell cycles

(B) Either duplicate or single treated cultures may be used at each
concentration tested When single cultures are used, the number of con-
centrations should be increased to ensure an adequate number of cultures
for analysis (e g, at least erght analysable concentrations) Duplicate nega-
tive (solvent) control cultures should be used

(C) Gaseous or volatile substances should be tested by appropnate
methods, such as in sealed culture vessels (see references in paragraphs
(g)X21) and (g)(22) of this guideline)

(1) Measurement of survival, viability, and mutant frequency. (A)
At the end of the exposure period, cells should be washed and cultured
to determune survival and to allow for expression of the mutant phenotype
Measurement of cytotoxicity by determuning the relative cloning efficiency
(survival) or relative total growth of the cultures 1s usually imtiated after
the treatment penod

(B) Each locus has a defined minmum tme requirement to allow
near optimal phenotypic expression of newly induced mutants (HPRT and
XPRT requure at least 6-8 days, and TK at least 2 days) Cells are grown
in medium with and without selecive agent(s) for determunation of num-
bers of mutants and cloming efficiency, respectively The measurement of
viability (used to calculate mutant frequency) 1s mitiated at the end of
the expression ume by plating 1n non-selective medium

(C) If the test substance 1s positive 1n the L5178Y TK+/-test, colony
s1zing should be performed on at least one of the test cultures (the highest
positive concentration) and on the negative and positive controls If the
test substance 1s negative in the L5178Y TK+test, colony sizing should
be periormed on the negative and positive controls In studies using
TK6TK+-, colony s1zing may also beperformed

(f) Data and reporting—(1) Treatment of results. (1) Data should
include cytotoxicity and viability determination, colony counts and mutant
frequencies for the treated and control cultures. In the case of a positive
response 1n the L5178Y TK+-test, colonies are scored using the cntena
of small and large colonies on at least one concentration of the test sub-
stance (highest positive concentration) and on the negative and posiuve
control. The molecular and cytogenetic nature of both large and small col-
ony mutants has been explored in detail (see references in paragraphs
(£)(23) and (g)(24) of this gmdeline) In the TK+test, colomes are scored
using the cntena of normal growth (large) and slow growth (small) colo-
nies (see reference in paragraph (g)(25) of this guideline) Mutant cells
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that have suffered the most extensive genetic damage have prolonged dou-
bling times and thus form small colomes This damage typically ranges
in scale from the losses of the entire gene to karyotypically visible chro-
mosome aberrations The induction of small colony mutants has been asso-
ciated with chemucals that induce gross chromosome aberrations (see ref-
erence 1n paragraph (gX(26) of this guideline) Less seriously affected mu-
tant cells grow at rates sirmular to the parental cells and form large colonies

(11) Survival (relative cloning efficiencies) or relative total growth
should be given Mutant frequency should be expressed as number of mu-
tant cells per number of surviving cells

(i) Individual culture data should be provided Additionally, all data
should be summarized m tabular form

(1v) There 1s no requirement for verification of a clear positive re-
sponse Equivocal results should be clanfied by further testing preferably
using a modification of experimental condiions Negative results need to
be confirmed on a case-by-case basis In those cases where confimation
of negative results 1s not considered necessary, justification should be pro-
vided Modification of study parameters to extend the range of conditions
assessed should be considered 1n follow-up expenments for either equivo-
cal or negative results Study parameters that might be modified include
the concentration spacing, and the metabolic activation conditions.

(2) Evaluation and interpretation of results. (1) There are several
cntenia for determiming a positive result, such as a concentration-related,
or a reproductble increase in mutant frequency Biological relevance of
the results should be considered first Statisttcal methods may be used as
an aid 1n evaluating the test results Statstical significance should not be
the only determuning factor for a positive response

(11) A test substance, for which the results do not meet the above
criteria 1s considered non-mutagenic 1n this system.

(1) Although most studies will give clearly positive or negative re-
sults, in rare cases the data set will preclude making a definite judgement
about the activity of the test substance Results may remain equivocal or
questionable regardless of the number of umes the expeniment is repeated.

(1v) Positive results for an in vitro mammalhan cell gene mutation
test indicate that the test substance induces gene mutations 1n the cultured
mammalian cells used A positive concentration-response that 1s reproduc-
ible 1s most meaningful Negative resuits indicate that, under the test con-
ditions, the test substance does not induce gene mutations in the cultured
mammalian cells used

(3) Test report. The test report should include the following informa-
tion



(1) Test substance

(A) Identification data and CAS no . if known

(B) Physical nature and purity

(C) Physicochemucal properties relevant to the conduct of the study
(D) Stability of the test substance

(11) Solvent/vehicle

(A) Jusufication for choice of vehicle/solvent

(B) Solubility and stability of the test substance in solvent/vehicle,
if known

(1) Cells.

(A) Type and source of cells

(B) Number of cell cultures

(C) Nlimbcr of cell passages, if applicable.

(D) Methods for maintenance of cell cultures, 1if applicable
(E) Absence of Mycoplasma

(1v) Test conditions

(A) Rationale for selection of concentrations and number of cell cul-
tures including e g, cytotoxicity data and solubihity limitations, if avail-
able.

(B) Composition of media, CO> concentration.
(C) Concentration of test substance

(D) Volume of vehicle and test substance added
(E) Incubation temperature

(F) Incubation time

(G) Duration of treatment

(H) Cell density duning treatment

(I) Type and composition of metabolic activation system including
acceptability critena

(J) Positive and negative controls
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(K) Length of expression period (including number ot cells seeded,
and subcultures and feeding schedules, 1f appropriate)

(L) Selective agent(s)
(M) Cntena for considenng tests as positive, negative or equivocal
(N) Methods used to enumerate numbers of viable and mutant cells

(O) Defimtion of colonies of which size and type are considered (in-
cluding cnitena for ‘‘small’’ and ‘‘large’’ colomies, as appropriate)

(v) Results
(A) Signs of toxicity
(B) Signs of precipitation

(C) Data on pH and osmolality during the exposure to the test sub-
stance, 1f determined

(D) Colony size 1f scored for at least negative and positive controls.

(E) Laboratory’s adequacy to detect small colony mutants with the
L5178Y TK+- system, where approprate

(F) Dose-response relationship, where possible.
(G) Statistical analyses, if any
(H) Concurrent negative (solvent/vehicle) and positive control data

(I) Histonical negative (solvent/vehicle) and positive control data with
ranges, means, and standard deviations.

(J) Mutant frequency
(v1) Discussion of the results
(vu) Conclusion

(2) References. The following references should be consulted for ad-
ditional background information on this test guideline

(1) Moore, MM, DeManni, D M, DeSerres, FJ, and Tindall, KR
(Eds ) Banbury Report 28 Mammahian Cell Mutagenesis, Cold Spring
Harbor Laboratory (New York, New York, 1987)

(2) Chu, EHY and Malling, HV Mammahan Cell Genetics II
Chemucal Induction of Specific Locus Mutations in Chinese Hamster Cells
In Vuro, Proceedings of the National Academy of Science USA, 61, 1306~
1312 (1968)



(3) Liber, HL and Thilly, W G Mutation Assay at the Thymudine
Kmase Locus in Diploid Human Lymphoblasts Murarion Research 94,
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(4) Moore, MM et al Differential Mutant Quantitation at the Mouse
Lymphoma TK and CHO HGPRT Loci Mutagenesis 4, 394-403 (1989).
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XPRT and the CHO/HPRT Assays Evaluation of Six Drug Candidates
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Program Mutation Research 115, 225-251 (1983).

(9) L1, AP et al A Review and Analysis of the Chinese Hamster
Ovary/Hypoxanthine Guanine Phosphoribosyl Transferase System to De-
termune the Mutagenicity of Chemucal Agents A Report of Phase III of
the U.S. Environmental Protection Agency Gene-Tox Program Muzation
Research 196, 17-36 (1988)

(10) L1, AP. et al A Gude for the Performance of the Chinese Ham-
ster Ovary Cell/Hypoxanthine-Guanine Phosphonbosyl Transferase Gene
Mutation Assay Muration Research 189, 135-141 (1987)

(11) Liber, H.L., Yandelf, DW, and Little, JB A Companson of
Mutaton Induction at the tk and hprt Loci in Human Lymphoblastod
Cells, Quanttative Differences are Due to an Additional Class of
Mutations at the Autosomal TK Locus Mutation Research 216, 9-17
(1989)

(12) Stankowski, LF Jr, Tindall, KR, and Hsie, A W Quantitative
and Molecular Analyses of Ethyl Methanesulfonate- and ICR 191-Induced
Molecular Analyses of Ethyl Methanesulfonate- and ICR 191-Induced Mu-
tation 1n ASS2 Cells. Mutation Research 160, 133-147 (1986).

(13) Tumer, NT, Batson, AG, and Chive, D Procedures for the
L5178/TK+-> TK+-Mouse Lymphoma Cell Mutagenicity Assay (Eds)
Kilbey, BJ. et al Handbook of Mutagemcity Test Procedures (Elsevier
Science Publishers, New York, 1984) pp 239-268
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(15) Abbondandolo. A et al Inductton of 6-Thioguanine-Resistant
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vated Dimethylnitrosamune Mutation Research 46, 365-373 (1977).

(16) Ames, B N, McCann, J, and Yamasaki, E Methods for Detect-
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(18) Maron, DM and Ames, BN Revised Methods for the Sal-
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INTRODUCTION

This guideline 1s one of a senes of test guidelines that have been
developed by the Office of Prevention, Pestucides and Toxic Substances,
United States Environmental Protection Agency for use in the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmonization that
blended the testing guidance and requirements that existed in the Office
of Polluuon Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
Natonal Technical Information Service (NTIS) and the guidelines pub-
lished by the Organization for Economuc Cooperation and Development
(OECD)

The purpose of harmonizing these gmdelines into a single set of
OPPTS guidelines 1s to minimize variations among the testing procedures
that must be performed to meet the data requirements of the U S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U S C. 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7TUSC 136, et seq)

Final Guideline Release: This guideline 1s available from the U S
Government Prinung Office, Washington, DC 20402 on disks or paper
copies call (202) 512-0132 This gmidehne 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http.//www epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Screntists/Test Methods and Guidelines/OPPTS Harmonized Test
Guudelnes *’



OPPTS 870.5375 In vitro mammalian chromosome aberration test.

(a) Scope—(1) Applicability. This guideltne 1s intended to meet test-
ing requirements of both the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) (7 U S C 136, er seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used in developing this har-
monized OPPTS test gmdeline are OPPT 40 CFR 798 5375 In vitro mam-
malian cytogenetics and OECD 473, In Vitro Mammalian Chromosome
Aberration Test

(b) Purpose (1) The purpose of the tn vitro chromosome aberration
test 1s to 1dentify agents that cause structural chromosome aberrations in
cultured mammalian cells (see paragraphs (1)(1), (1)(2), and (i)(3) of this
guideline) Structural aberrations may be of two types, chromosome or
chromauid With the majonity of chemical mutagens, induced aberrations
are of the chromatd type, but chromosome-type aberrations also occur
An increase tn polyploidy may indicate that a chemucal has the potenual
to induce numerical aberrations However, this guideline ts not designed
to measure numencal aberrations and 1s not routinely used for that pur-
pose Chromosome mutations and related events are the cause of many
human genetic diseases and there 15 substantial evidence that chromosome
mutations and related events causing alterations 1n oncogenes and tumour-
suppressor genes of somatic cells are involved 1n cancer induction in hu-
mans and experimental animals

(2) The in vitro chromosome aberration test may employ cultures of
established cell lines, cell strains or pnmary cell cultures. The cells used
are selected on the basis of growth ability in culture, stability of the
karyotype, chromosome number, chromosome diversity, and spontanecous
frequency of chromosome aberrations

(c) Definitions. The defimitions 1n section 3 of TSCA and 1n 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
gwdeline The following definitions also apply to this test guideline.

Chromand-type aberration 1s structural chromosome damage ex-
pressed as breakage of single chromatids or breakage and reunton between
chromatids

Chromosome-type aberration 1s structural chromosome damage ex-
pressed as breakage, or breakage and reunion, of both chromatids at an
identcal site

Endoreduplication 1s a process 1n which after an S penod of DNA
replication, the nucleus does not go into mutosis but starts another S penod
The result 1s chromosomes with 4, 8, 16, chromatids
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Gap 1s an achromatic lesion smaller than the width of one chromatid,
and with munimum misalignment of the chromatd(s)

Mutotic index 1s the ratio of cells in metaphase divided by the total
number of cells observed 1n a population of cells, an indication of the
degree of proliferation of that population

Numerical aberration 1s a change 1n the number of chromosomes
from the normal number charactenstic of the cells utihized

Polyploidy 1s a multiple of the haploid chromosome number (n) other
than the diploid number (1€, 3n, 4n, and so on)

Structural aberranon 1s a change 1n chromosome structure detectable
by mucroscopic examunation of the metaphase stage of cell division, ob-
served as deletions and fragments, intrachanges, and interchanges

(d) Initial considerations (1) Tests conducted in virro generally re-
quire the use of an exogenous source of metabolic actuvation This meta-
bolic activation system cannot mumic entirely the mammalian tn vivo con-
ditions Care should be taken to avoid conditions which would lead to
positive results which do not reflect intnnsic mutagenicity and may arise
from changes in pH, osmolality, or high levels of cytotoxicity (see para-
graphs (1)(4) and (1)(5) of this guideline)

(2) This test is used to screen for possible mammalian mutagens and
carcinogens Many compounds that are positive 1n this test are mammalian
carcinogens, however, there 1s not a perfect correlation between this test
and carcinogenicity. Correlation 1s dependent on chemucal class and there
1s increasing evidence that there are carcinogens that are not detected by
this test because they appear to act through mechanisms other than direct
DNA damage

(e) Principle of the test method. Cell cultures are exposed to the
test substance both with and without metabolic activation At predeter-
mined intervals after exposure of cell cultures to the test substance, they
are treated with a metaphase-arresting substance (e.g., Colcemid® or col-
chicine), harvested, stained, and metaphase cells are analysed microscopi-
cally for the presence of chromosome aberrations

(f) Description of the method—(1) Preparations—(1) Cells. A van-
ety of cell lines, strains, or primary cell cultures, including human cells,
may be used (e.g , Chinese hamster fibroblasts, human, or other mamma-
lian peripheral blood lymphocytes)

(1) Media and culture conditions. Appropniate cuiture media, and
incubation conditions (culture vessels, CO, concentration, temperature and
humudity) should be used in maintaining cultures. Established cell lines
and strains should be checked routinely for stability in the modal chro-
mosome number and the absence of Mycoplasma contaminatton and
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should not be used if contaminated The normal cell-cycle time for the
cells and culture conditions used should be known

(1) Preparation of cultures—(A) Established cell lines and
strains Cells are propagated from stock cultures, seeded in culture me-
dium at a density such that the cultures will not reach confluency before
the time of harvest, and incubated at 37 °C

(B) Lymphocytes Whole blood treated with an anti-coagulant (e g,
hepann) or separated lymphocytes obtained from healthy subjects are
added to culture medium containing a mitogen (e g , phytohemagglutinin)
and ncubated at 37 °C

(1v) Metabolic activation Cells should be exposed to the test sub-
stance both 1n the presence and absence of an appropriate metabolic activa-
tion system The most commonly used system 1s a co-factor-supplemented
post-mutochondnal fraction (S9) prepared from the livers of rodents treated
with enzyme-inducing agents such as Aroclor 1254 (see paragraphs (1)(6),
(), (8)(1), and (1)(9) of this guideline), or a muixture of phenobarbitone
and P-naphthoflavone (see paragraphs (1)(10), (1)(11), and (1)(12) of this
guideline). The post-mutochondnal fraction is usually used at concentra-
tions 1n the range from 1-10 percent v/v in the final test medium The
condition of a metabolic activation system may depend upon the class of
chemcal being tested In some cases, it may be appropnate to utilize more
than one concentration of post-mitochondnial fraction A number of devel-
opments, including the construction of genetically engineered cell lines
expressing specific activating enzymes, may provide the potential for en-
dogenous activation The choice of the cell lines used should be scientif-
ically justified (e g, by the relevance of the cytochrome P450 isoenzyme
for the metabolism of the test substance)

(v) Test substance/preparation Solid test substances should be dis-
solved or suspended in appropniate solvents or vehicles and diluted, if ap-
propriate, prior to treatment of the cells Liqud test substances may be
added directly to the test systems and/or diluted prior to treatment Fresh
preparations of the test substance should be employed unless stabihity data
demonstrate the acceptability of storage

(2) Test conditions—(1) Solvent/vehicle The solvent/vehicle should
not be suspected of chemical reaction with the test substance and should
be compatible with the survival of the cells and the S9 activity If other
than well-known solvent/vehicles are used, their inclusion should be sup-
ported by data indicating their compaubility It 1s recommended that wher-
ever possible, the use of an aqueous solvent/vehicle be considered first
When testing water-unstable substances, the organic solvents used should
be free of water Water can be removed by adding a molecular sieve
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(1) Exposure concentrations (A) Among the critena to be consid-
ered when determuning the highest concentration are cytotoxicity, solu-
bility in the test system and changes in pH or osmolality

(B) Cytotoxicity should be determuned with and without metabolic
activation n the main experiment using an appropnate wndication of cell
integnty and growth, such as degree of confluency, viable cell counts, or
mitotic ndex It may be useful to determine cytotoxicity and solubility
1n a preliminary experniment

(C) At least three analyzable concentrations should be used Where
cytotoxicity occurs, these concentrations should cover a range from the
maximum to little or no toxicity, this will usually mean that the concentra-
tions should be separated by no more than a factor between 2 and V10.
At the ume of harvesting, the highest concentration should show a signifi-
cant reduction 1n degree of confluency, cell count or mutotic index, (all
greater than 50 percent) The mutotic index 1s only an indirect measure
of cytotoxic/cytostatic effects and depends on the ume after treatment.
However, the mutotic index 15 acceptable for suspension cultures in which
other toxicity measurements may be cumbersome and impractical Infor-
mation on cell-cycle kinetics, such as average generation time (AGT),
could be used as supplementary information AGT, however, 1s an overall
average that does not always reveal the existence of delayed subpopula-
tions, and even slight increases 1n average generation tume can be associ-
ated with very substantial delay 1n the tume of optumal yteld of aberrations.
For relatively non-cytotoxic compounds the maximum concentration
should be 5 pg/mi, Smg/ml, or 0 01M, whichever 1s the lowest.

(D) For relatively insoluble substances that are not toxic at concentra-
tions lower than the insoluble concentration, the highest dose used should
be a concentration above the limit of solubility in the final culture medium
at the end of the treatment peniod In some cases (e.g , when toxicity oc-
curs only at higher than the lowest insoluble concentration) 1t is advisable
to test at more than one concentration with visible precipitation. It may
be useful to assess solubility at the beginming and the end of the treatment,
as solubility can change duning the course of exposure 1n the test system
due to presence of cells, S9, serum etc Insolubility can be detected by
using the unaided eye The precipitate should not interfere with the scor-
ing

(i) Controls (A) Concurrent positive and negative (solvent or vehi-
cle) controls both with and without metabolic activation should be included
1in each expennment When metabolic activation 1s used, the positive control
chemucal should be the one that requires activation to give a mutagenic
response.

(B) Positive controls should employ a known clastogen at exposure
levels expected to give a reproducible and detectable increase over back-
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ground which demonstrates the sensitivity of the test system Positive con-
trol concentrations should be chosen so that the effects are clear but do
not tmmediately reveal the 1dentity of the coded slides to the reader Exam-
ples of positive-control substances include

Metabokc activation condition Chemucal CAS number

Absence of exogenous metabolic activation | Methyl methanesulfonate 66-27-3
Ethyl methanesulfonate 62-50-0,
Ethyinttrosourea 758-73-9}]
Mitomycin C 50-07-
4-Nrtroquinoline-N-Oxide 56-57-5

Presence of exogenous metabolic activation | Benzo(a)pyrene 50-32-8
Cyclophosphamide 50180
{monohydrate) [6055—~19-2})

(C) Other appropnate positive control substances may be used The
use of chemucal class-related positive-control chemucals may be consid-
ered, when available

(D) Negative controls, consisting of solvent or vehicle alone in the
treatment medium, and treated in the same way as the treatment cultures,
should be included for every harvest tme In addition, untreated controls
should also be used unless there are historical-control data demonstrating
that no deleterious or mutagenic effects are induced by the chosen solvent

(g) Procedure—(1) Treatment with test substance (1) Proliferating
cells are treated with the test substance 1n the presence and absence of
a metabolic-activation system Treatment of lymphocytes should com-
mence at about 48 hours after mitogenic sumulation

(1) Duplicate cultures should be used at each concentration, and are
strongly recommended for negatve/solvent control cuitures Where muni-
mal vanation between duplicate cultures can be demonstrated (see para-
graphs (1)(13) and (1)(14) of this gumideline), from histoncal data, it may
be acceptable for single cultures to be used at each concentration.

(1) Gaseous or volatile substances should be tested by appropnate
methods, such as in sealed culture vessels (see paragraphs (1)(15) and
(1)(16) of this gurdehne)

(2) Culture harvest time In the first experiment, cells should be
exposed to the test substance both with and without metabolic activation
for 3—6 hours, and sampled at a tme equivalent to about 1.5 normal cell-
cycle length after the beginning of treatment (see paragraph (1)(12) of this
guidehine) If this protocol gives negative results both with and without
activation, an additional expenment without activation should be done,
with continuous treatment until sampling at a ume equivalent to about
1 5 normal cell-cycle lengths Certain chemicals may be more readily de-
tected by treatment/sampling times longer than 1 5 cycle lengths. Negatuve
results with metabohic activation need to be confirmed on a case-by-case
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basis In those cases where confirmation of negative results 1s not consid-
ered necessary, justification should be provided

(3) Chromosome preparation Cell cultures should be treated with
Colcemud® or colchicine usually for 1 to 3 hours prior to harvesting Each
cell culture should be harvested and processed separately for the prepara-
tion of chromosomes Chromosome preparation involves hypotonic treat-
ment of the cells, fixation and staining

(4) Analysis (1) All shdes, including those of posiive and negative
controls, should be independently coded before microscopic analysis Since
fixation procedures often result in the breakage of a proportion of meta-
phase cells with loss of chromosomes, the cells scored should therefore
contain a number of centromeres equal to the modal number +2 for all
cell types At least 200 well-spread metaphases should be scored per con-
centration and control equally divided amongst the duplicates, 1if applica-
ble This number can be reduced when high numbers of aberrations are
observed.

(11) Though the purpose of the test 15 to detect structural chromosome
aberrations, 1t 1s important to record polyploidy and endoreduplication
when these events are seen

(h) Data and reporting—(1) Treatment of results (1) The experi-
mental unit 1s the cell, and therefore the percentage of cells with structural
chromosome aberration(s) should be evaluated Different types of struc-
tural chromosome aberrations should be listed with ther numbers and fre-
quencies for expennmental and control cuitures Gaps are recorded sepa-
rately and reported but generally not included 1n the total aberration fre-
quency

(1) Concurrent measures of cytotoxicity for all treated and negative
control cultures 1n the main aberration expennment(s) should also be re-
corded.

(in) Individual culture data should be provided Additionally, all data
should be summanzed 1n tabular form

(1v) There 15 no requirement for venfication of a clear positive re-
sponse Equivocal results should be clanfied by further testing preferably
using modification of expenmental conditions The need to confirm nega-
tive results has been discussed 1n paragraph (g)(2) of this guideline. Modi-
fication of study parameters to extend the range of conditions assessed
should be considered in follow-up expenments Study parameters that
mught be modified include the concentration spacing and the metabolic
activation conditions

(2) Evaluation and interpretation of results (1) There are several
cntenia for determuining a positive result, such as a concentration-related
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increase or a reproducible increase in the number of cells with chro-
mosome aberrations Biological relevance of the results should be consid-
ered first Statistical methods may be used as an aid in evaluating the
test results (see paragraphs (1)(3) and (1)(13) of this guideline) Statstical
significance should not be the only determining factor for a positive re-
sponse

(1) An increase 1n the number of polyploid cells may indicate that
the test substance has the potential to inhibit mutotic processes and to in-
duce numernical chromosome aberrations An increase in the number of
cells with endoreduplicated chromosomes may indicate that the test sub-
stance has the potential to mhibit cell-cycle progression (see paragraphs
(1)(17) and (1)(18) of this gmdeline)

(1n) A test substance for which the results do not meet the critena
in paragraphs (h)(2)(1) and (h)}2)(n) of this guideline 1s considered non-
mutagenic 1n this system

(1v) Although most expenments will give clearly positive or negative
results, 1n rare cases the data set will preclude making a definite judgement
about the activity of the test substance Results may remain equivocal or
questionable regardless of the number of tumes the experiment 1s repeated

(v) Posittve results from the n vitro chromosome aberration test indi-
cate that the test substance induces structural chromosome aberrations in
cultured mammalian somatic cells. Negative results indicate that, under
the test conditions, the test substance does not induce chromosome aberra-
tions 1n cultured mammalian somatic cells

(3) Test report The test report should include the following informa-
tion

(1) Test substance

(A) Identification data and CA.S no, if known

(B) Physical nature and punty

(C) Physicochemucal properties relevant to the conduct of the study.
(D) Stability of the test substance, if known

(11) Solvent/vehicle

(A) Justification for choice of solvent/vehicle

(B) Solubility and stability of the test substance 1n solvent/vehicle,
if known

(1) Cells.
(A) Type and source of cells



(B) Karyotype features and suitability of the cell type used
(C) Absence of M\coplasma, if applicable
(D) Information on cell-cycle length

(E) Sex of blood donors, whole blood or separated lymphocytes,
mutogen used

(F) Number of passages, if applicable

(G) Methods for maintenance of cell cultures if applicable.
(H) Modal number of chromosomes

(1v) Test conditions

(A) Idenuty of metaphase arresting substance, its concentration and
duration of cell exposure

(B) Rationale for selection of concentrations and number of cultures
including, e g , cytotoxicity data and solubility limitations, 1f available

(C) Compostition of media, CO, concentration if applicable.
(D) Concentration of test substance

(E) Volume of vehicle and test substance added

(F) Incubation temperature

(G) Incubation time

(H) Duration of treatment

(D) Cell density at seeding, if appropnate

(J) Type and composition of metabolic activation system, including
acceptability cntena.

(K) Posittve and negatuve controls

(L) Methods of shide preparation

(M) Cntena for scoring aberrations

(N) Number of metaphases analyzed

(O) Methods for the measurements of toxicity

(P) Cntena for considening studies as positive, negative or equivocal

(v) Results

(£,



(A) Signs of toxicity e g, degree of confluency celi-cycle data cell
counts, mutotic index

(B) Signs of precipriation

(C) Data on pH and osmolality of the treatment medium, if deter-
mined

(D) Defimtion for aberrations, including gaps

(E) Number of cells with chromosome aberrations and type of chro-
mosome aberrations given separately for each treated and control culture

(F) Changes n ploidy if seen

(G) Dose-response relationship, where possible

(H) Staustical analyses, if any

(I) Concurrent negative (solvent/vehicle) and positive control data

(J) Histonical negative (solvent/vehicle) and positive control data, with
ranges, means and standard deviations

(v1) Discussion of the results
{vn) Conclusion.
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(1) Evans, HJ Cytological Methods for Detecung Chemucal
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pp 1-29 (1976)
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tion Test Using Chinese Hamster Lung (CHL) Fibroblast Cells in Culture.
Progress in Mutation Research, Vol 5, Ashby, J et al, Eds Elsevier
Science Pubhishers, Amsterdam-New York-Oxford, pp. 427-432 (1985)
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Environmental and Molecular Mutagenesis 10 (suppl 10), 1-175 (1987)
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(5) Monta, T et al Clastogenicity of Low pH toVanous Cultured
Mammalian Cells Mutation Research 268, 297-305 (1992)
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INTRODUCTION

This gurdeline 1s one of a sertes of test guidelines that have been
developed by the Office of Prevention, Pesucides and Toxic Substances,
United States Environmental Protection Agency for use in the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guidehne through a process of harmonization that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter [, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
National Techmical Information Service (NTIS) and the guidelines pub-
lished by the Orgamzation for Economic Cooperation and Development
(OECD)

The purpose of harmonizing these guidelines into a single set of
OPPTS guidelines 1s to munimuze variations among the testing procedures
that must be performed to meet the data requirements of the U S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U S C 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7US C 136, et seq)

Final Guideline Release: This gmideline 1s available from the U S
Government Printing Office, Washington, DC 20402 on disks or paper
copies’ call (202) 512-0132 This gumdeline 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http://www epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmonized Test
Guidelines ™’



OPPTS 870 5380 Mammalian spermatogonial chromosome aberration
test.

(a) Scope—(1) Applicability. This guideline 1s intended to meet test-
ing requirements of both the Federal Insecucide, Fungicide, and
Rodenuctde Act (FIFRA) (7 U S C 136, er seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used in developing this har-
monized OPPTS test guideline 1s OECD 483, Mammalhian Spermatogonial
Chromosome Aberration Test

(b) Purpose (1) The purpose of the in vivo mammahlan
spermatogonial chromosome aberration test 1s to 1dentify those substances
that cause structural aberrations in mammalian spermatogonial cells (see
paragraphs (1)(1), (1)(2), (1)(3), (1)(4), and (1)(5) of this guideline). Struc-
tural aberrations may be of two types, chromosome or chromatid. With
the majonty of chemical mutagens, induced aberrations are of the chro-
matid type, but chromosome-type aberrations also occur This guideline
1s not designed to measure numerical aberrations and ts not routinely used
for this purpose Chromosome mutations and related events are the cause
of many human genetic diseases

(2) This test measures chromosome events 1n spermatogonial germ
cells and 1s, therefore, expected to be predictive of induction of inhentable
mutations in germ cells

(c) Definitions. The defimitions 1n section 3 of TSCA and in 40 CFR
Part 792——Good Laboratory Practice Standards (GLP) apply to this test
guidehine The following definitions also apply to this test guideiine

Chromand-type aberration 1s structural chromosome damage ex-
pressed as breakage of single chromatids or breakage and reunton between
chromatids.

Chromosome-type aberration 1s structural chromosome damage ex-
pressed as breakage, or breakage and reumon, of both chromatids at an
identical site

Gap 1s an achromatic lesion smaller than the width of one chromatid,
and with munimum musalignment of the chromatids

Numenrical aberration 1s a change n the number of chromosomes
from the normal number charactenstic of the amimals utilized

Polyploiwdy 1s a multiple of the haploid chromosome number (n) other
than the diploid number (1 ¢, 3n, 4n, and so on)

Structural aberration 1s a change in chromosome structure detectable
by mucroscopic examination of the metaphase stage of cell division, ob-
served as deletions, intrachanges or interchanges
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(d) Initial considerations (1) Rodents are routinely used in this test
This i wvvo cytogenetic test detects chromosome aberrations 1n
spermatogonial mitoses Other target cells are not the subject of this guide-
tine

(2) To detect chromatid-type aberrations in spermatogonial cells, the
first mutotic cell division following treatment should be examined before
these lesions are lost in subsequent cell divisions Additional information
from treated spermatogomal stem cells can be obtained by meiouc chro-
mosome analysis for chromosome-type aberrations at diakinesis-metaphase
I when the treated cells become spermatocytes.

(3) This in vivo test 1s designed to investigate whether somatic cell
mutagens are also active in germ cells In addition, the spermatogonial
test 1s relevant to assessing mutagenicity hazard 1n that 1t allows consider-
ation of factors of in vivo metabolism, pharmacokinetics, and DNA-repair
processes

(4) A number of generations of spermatogonia are present 1n the testis
with a spectrum of sensttivity to chemical treatment Thus, the aberrations
detected represent an aggregate response of treated spermatogonial cell
populations, with the more numerous differentiated spermatogomial cells
predomunating Depending on their posiion within the testis, different gen-
erations of spermatogonia may or may not be exposed to the general cir-
culation, because of the physical and physiological Sertol cell barner and
the blood-testis barner

(5) If there 1s evidence that the test substance, or a reactve
metabolite, will not reach the target tissue, 1t 1s not appropriate to use
this test

(e) Principle of the test method Animals are exposed to the test
substance by an appropriate route of exposure and are sacnficed at appro-
pniate times after treatment Pnor to sacnfice, amumals are treated with
a metaphase-arresting agent (e g , colchicine or Colcemud®). Chromosome
preparations are then made from germ cells and stained, and metaphase
cells are analyzed for chromosome aberrations

(f) Description of the method—(1) Preparations—(1) Selection of
animal species Male Chinese hamsters and muce are commonly used
However, males of other appropnate mammalian species may be used.
Commonly used laboratory strains of healthy young-adult animals should
be employed At the commencement of the study the weight variation of
animals should be munimal and not exceed +20 percent of the mean
weight

(1) Housing and feeding conditions. The temperature 1n the expen-
mental animal room should be 22 °C ( £3 °C) Although the relative hu-
mudity should be at least 30 percent and preferably not exceed 70 percent
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other than during room cleaning, the aim should be 50-60 percent Light-
ing should be artificial, the sequence bewng 12 hours hight, 12 hours dark
For feeding, conventional laboratory diets may be used with an unhimited
supply of drinking water The choice of diet may be influenced by the
need to ensure a suitable admuxture of a test substance when administered
by this method Amimals may be housed individually, or be caged in small
groups

(1) Preparation of the animals Healthy young-aduit males should
be randomly assigned to the control and treatment groups Cages should
be arranged in such a way that possible effects due to cage placement
are mumimzed The animals are identified uniquely The animals are accli-
mated to the laboratory conditions for at least 5 days prior to the start
of the study

(1v) Preparation of doses Solid test substances should be dissolved
or suspended tn approprate solvents or vehicles and diluted, if appropnate,
prior to dosing of the animals Liquid test substances may be dosed di-
rectly or diluted prior to dosing Fresh preparations of the test substance
should be employed unless stability data demonstrate the acceptability of
storage

(2) Test conditions—(1) Solvent/vehicle The solvent/vehicle should
not produce toxic effects at the dose levels used and should not be sus-
pected of chemucal reaction with the test substance If other than well-
known solvents/vehicles are used, their inclusion should be supported with
reference data indicating theiwr compatibility It 1s recommended that wher-
ever possible, the use of an aqueous solvent/vehicle should be considered
first.

(i) Controls (A) Concurrent positive and negative (solvent/vehicle)
controls should be included 1n each test Except for treattnent with the
test substance, animals 1n the control groups should be handled 1n an i1den-
tical manner to anunals 1n the treated groups

(B) Positive controls should produce structural chromosome aberra-
tions in vivo 1n spermatogonial cells when admunistered at exposure levels
expected to give a detectable increase over background Positive control
doses should be chosen so that the effects are clear but do not immediately
reveal the identity of the coded slides to the reader It 1s acceptable that
the positive control be admunistered by a route different from the test sub-
stance and sampled at only a single ime In addition, the use of chemucal
class-related positive control chemucals may be considered, when available
Examples of posiuve control substances include.



Chemical CAS number
Cyclophosphamide (monohydrate) {50-18-0
(6055-19-2)]
Cyclohexyiamine 108-91-8]
Mitomycin C 50-07-7]
Monomeric acrylamide [79-06-1]
Tnethylenemelamine [(51-18-3]

(C) Negative controls, treated with solvent or vehicle alone, and oth-
erwise treated 1n the same way as the treatment groups, should be 1ncluded
for every sampling tume, unless acceptable inter-animal variability and fre-
quency of cells with chromosome aberrations are demonstrated by histon-
cal control data In addition, untreated controls should also be used unless
there are historical or published control data demonstrating that no delete-
rious or mutagenic effects are induced by the chosen solvent/vehicle.

(g) Procedure— 1) Number of animals Each treated and control
group should include at least five analyzable males

(2) Treatment schedule (1) Test substances are preferably adminis-
tered once or twice (1e as a single treatment or as two treatments) Test
substances may also be admunistered as a split dose, 1¢ two treatments
on the same day separated by no more than a few hours, to facilitate ad-
munistering a large volume of matenal Other dose regumens should be
scientifically justified

(i1) In the highest dose group, two sampling times after treatment
should be used Since cell cycle kinetics can be influenced by the test
substance, one early and one late sampling time are used around 24 and
48 hours after treatment For doses other than the highest dose, a sampling
tume of 24 hours or 15 cell cycle length after treatment should be taken,
unless another sampling time 1s known to be more appropnate for detec-
tion of effects (see paragraph (1)(6) of this guideline)

(1i1) In addition, other sampling times may be used For example, in.
the case of chemucals which may induce chromosome lagging, or may
exert S-independent effects, earlier sampling times may be appropriate (see
paragraph (1)(1) of thas guideline)

(iv) The appropnateness of a repeated treatment schedule needs to
be identified on a case-by-case basis Following a repeated treatment
schedule the amimals should then be sacnficed 24 hours (1.5 cell-cycle
length) after the last treatment Additional sampling ttmes may be used
where approprniate

(v) Pnior to sacnifice, animals are injected intrapenitoneally with an
appropnate dose of a metaphase arresting substance (e g , Colcemud® or
colchicine) Animals are sampled at an appropniate interval thereafter For
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mice this wnterval 1s approximately 3-5 hours, tor Chinese hamsters this
interval 1s approximately 4-5 hours

(3) Dose levels If a range finding study 1s performed because there
are no suitable data available, 1t should be performed in the same labora-
tory, using the same species, strain, and treatment regimen to be used n
the main study (see paragraph (1)(7) of this guideline) If there is toxicity,
three-dose levels are used for the first sampling ttme These dose levels
should cover a range from the maximum to little or no toxicity At the
later sampling time only the highest dose needs to be used The highest
dose 15 defined as the dose producing signs of toxicity such that hgher-
dose levels, based on the same dosing regimen, would be expected to
produce lethality Substances with specific biological activities at low non-
toxic doses (such as hormones and mutogens) may be exceptions to the
dose-setting critenia and should be evaluated on a case-by-case basis The
highest dose may also be defined as a dose that produces some indication
of toxicity mn the spermatogomal cells (e g, a reduction 1n the ratio of
spermatogonial mitoses to first and second metotic metaphases, this reduc-
tion should not exceed 50 percent)

(4) Limit test If a test at one dose level of at least 2,000 mg/kg
body weight/day using a single treatment, or as two treatments on the same
day, produces no observable toxic effects, and if genotoxicity would not
be expected based upon data from structurally related substances, then a
full study using three-dose levels may not be considered necessary Ex-
pected human exposure may indicate the need for a higher dose level to
be used n the lumut test

(5) Administration of doses The test substance 1s usually adminis-
tered by gavage using a stomach tube or a suitable intubation cannula,
or by intrapentoneal injection Other routes of exposure may be acceptable
where they can be justified The maximum volume of hiquid that can be
admunistered by gavage or imjection at one time depends on the size of
the test ammal The volume should not exceed 2 ml/100g body weight.
The use of volumes higher than these must be justified Except for irmtat-
1ng or corrosive substances, which will normally reveal exacerbated effects
with higher concentrations, variability 1n test volume should be mintmazed
by adjusting the concentration to ensure a constant volume at all dose
levels

(6) Chromosome preparation Immedately after sacnfice, cell sus-
pensions should be obtained from one or both testes, exposed to hypotonic
solution and fixed The cells should be then spread on shides and stained.

(7) Analysis For each amimal at least 100 well-spread metaphases
should be analyzed (1e a mummum of 500 metaphases per group) This
number could be reduced when high numbers of aberrations are observed
All shdes, including those of positive and negative controls, should be
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independently coded before mucroscopic analysis Since fixation proce-
dures often result in the breakage of a proportion of metaphases with loss
of chromosomes, the cells scored should contain a number of centromeres
equal to the number 2n+2

(h) Data and reporting—(1) Treatment of results (1) Individual
ammal data should be presented i1n tabular form The expennmental unit
1s the animal For each amimal the number of cells with structural chro-
mosome aberration(s) and the number of chromosome aberrations per cell
should be evaluated Different types of structural chromosome aberrations
should be listed with their numbers and frequencies for treated and control
groups. Gaps are recorded separately and reported but generally not in-
cluded n the total aberration frequency

(u) If mutosis as well as merosis 1s observed, the ratio of
spermatogonial mutoses to first and second meiotic metaphases should be
determined as a measure of cytotoxicity for all treated and negative control
amimals 1n a total sample of 100 dividing cells per animal to estabhsh
a possible cytotoxic effect If only mutosis 1s observed, the mitosis index
should be determuned 1n at least 1,000 cells for each animal

(2) Evaluation and interpretation of results (1) There are several
criteria for determiming a positive result, such as a dose-related increase
in the relative number of cells with chromosome aberrations or a clear
increase 1n the number of cells with aberrations 1n a single-dose group
at a single-sampling tume Biological relevance of the results should be
considered first. Statistical methods may be used as an aid 1n evaluating
the test results (see paragraph (1)(8) of this guideline). Statistical signifi-
cance should not be the only determuning factor for a positive response
Equivocal results should be clanfied by further testing preferably using
a modification of experimental conditions

(1) A test substance for which the results do not meet the critena
in paragraph (h)}(2)(1) of this guideline 1s considered nonmutagenic in this
test

(i) Although most expeniments will give clearly positive or negative
results, in rare cases the data set will preclude making a definite judgement
about the activity of the test substance Results may remain equivocal or
questionable regardless of the number of times the experiment ts repeated.

(iv) Positive results from the in vivo spermatogonial chromosome ab-

erration test indicate that a substance induces chromosome aberrations 1n -

the germ cells of the species tested Negative results indicate that, under
the test conditions, the test substance does not induce chromosome aberra-
tions 1n the germ cells of the species tested

(v) The likelihood that the test substance or its metabolites reach the
target tissue should be discussed

L)
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(3) Test report The test report should include the following informa-
tion

(1) Test substance

(A) Identification data and CAS No , if known

(B) Physical nature and punity

(C) Physicochemucal properties relevant to the conduct of the study
(D) Stability of the test substance, 1f known

(11) Solvent/vehicle

(A) Justification for choice of vehicle

(B) Solubility and stability of the test substance 1n solvent/vehicle,
if known

(1) Test animals

(A) Species/strain used

(B) Number and age of animals

(C) Source, housing conditions, diet, etc

(D) Individual weight of the animals at the start of the test, including
body weight range, mean, and standard deviation for each group.

(1v) Test conditions

(A) Data from range finding study, if conducted

(B) Rationale for dose level selection

(C) Rauonale for route of administration

(D) Details of test substance preparation

(E) Details of the admimstration of the test substance
(F) Rationale for sacnifice times

(G) Conversion from diet/dnnking water test substance concentration
(ppm) to the actual dose (mg/kg body weight/day), if applicable

(H) Details of food and water quality
(I) Detailed description of treatment and sampling schedules

(J) Methods for measurement of toxicity
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(K) Identity of metaphase arresting substance 1ts concentration and
duration of treatment

(L) Methods of slide preparation

(M) Cniteria for scoring aberrations

(N) Number of cells analyzed per animal

{O) Cnitena for considening studies as positive, negative, or equivocal
(v) Results

(A) Signs of toxicity

(B) Mutotic index

(C) Ratio of spermatogonial mitoses cells to first and second meiotic
metaphases

(D) Type and number of aberrations, given separately for each animal
(E) Total number of aberrations per group

(F) Number of cells with aberrations per group

(G) Dose-response relationship, where possible

(H) Statistical analyses, if any.

(I) Concurrent negative control data

(J) Histonical negative control data with ranges, means, and standard
deviations

(K) Concurrent positive control data
(L) Changes 1n ploidy, if seen.

(v1) Discussion of the results

(vit) Conclusion.

(1) References. The following references should be consulted for ad-
ditional background mnformation on this test gmdeline

(1) Adler, ID Clastogenic Potential in Mouse Spermatogoma of
Chemucal Mutagens Related to Their Cell-Cycle Specificatons Genetic
Toxicology of Environmental Chemucals, Part B Geneuc Effects and Ap-
plied Mutagenesis, Ramel, C, Lambert, B and Magnusson, J (Eds ) Luss,
New York, pp 477-484 (1986)



(2) Adler ID Cytogeneuc Tests in Mammals Mutagenicity Testing
a Pracucal Approach Ed § Vemtt and J] M Parry IRL Press, Oxford,
Washington DC, pp 275-306 (1984)

(3) Evans, EP, Breckon, G and Ford, CE An Au-Drying Method
for Meiotic Preparations from Mammalian Testes Cytogenetics and Cell
Genetics 3, 289-294 (1964)

(4) Richold, M In Vivo Cytogenetics Assays D J Kirkland (Ed)
Basic Mutagenicity Tests, UKEMS Recommended Procedures UKEMS
Subcommuttee on Guidelines for Mutagenicity Testing Report Part I re-
vised Cambndge University Press, Cambndge, New York, Port Chester,
Melboumne, Sydney, pp 115-141 (1990)

(5) Yamamoto, K and Kikuchi, Y A New Method for Preparation
of Mammalian Spermatogomial Chromosomes Muration Research 52,
207-209 (1978)

(6) Adler ID et al International Workshop on Standardisation of
Genotoxicity Test Procedures Summary Report of the Working Group on
Mammalian Germ Cell Tests Mutarion Research 312, 313-318 (1994).
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ronmental Mutagen Society Working Group Dose setting i In Vivo Muta-
genicity Assays Mutagenesis 7,313-319 (1992)
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INTRODUCTION

This guideline 1s one of a senes of test guidelines that have been
developed by the Office of Prevenuon, Pesticides and Toxic Substances.
United States Environmental Protection Agency for use tn the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmonization that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter 1, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared 1n publications of the
National Technical Information Service (NTIS) and the gurdelines pub-
lished by the Organization for Economic Cooperation and Development
(OECD)

The purpose of harmomzing these guidelines into a single set of
OPPTS guidelines 1s to minimize vanations among the testing procedures
that must be performed to meet the data requirements of the U S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U S.C. 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7TU S C. 136, et seq )

Final Guideline Release: This guideline 1s available from the U S
Government Printing Office, Washington, DC 20402 on disks or paper
copies call (202) 512-0132 This guideline 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http://www epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmomzed Test
Guidelines.”

i o



OPPTS 870.5385 Mammalian bone marrow chromosome aberration
test

(a) Scope—(1) Apphcability. This guideline 1s intended to meet test-
ing requirements of both the Federal Insecticide, Fungicide, and
Rodenucide Act (FIFRA) (7 U S C 136, et seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenials used in developing this har-
monized OPPTS test guideline are OPPT 40 CFR 798 5385 In vivo mam-
malian cytogenetics test Bone marrow chromosomal analysis and OECD
475, Mammalian Bone Marrow Chromosome Aberration Test

(b) Purpose. The mammalian :n vivo chromosome aberration test 1s
used for the detection of structural chromosome aberrations induced by
test compounds tn bone marrow cells of amimals, usually rodents (see ref-
erences in paragraphs (g)(1), (g)(2), (g)(3), and (g)(4) of this guideline)
Structural chromosome aberrations may be of two types, chromosome or
chromatid An increase in polyploidy may indicate that a chemucal has
the potential to induce numencal aberrations With the majonty of chemu-
cal mutagens, induced aberrations are of the chromatid-type, but chro-
mosome-type aberrations also occur Chromosome mutations and related
events are the cause of many human-genetic diseases and there 1s substan-
tial evidence that chromosome mutations and related events causing alter-
ations in oncogenes and tumour-suppressor genes are tnvolved in cancer
1n humans and expenmental systems

(c) Definitions. The following definitions apply to the gmideline

Chromatd-type aberration 1s structural chromosome damage ex-
pressed as breakage of single chromatids or breakage and reunion between
chromatids

Chromosome-type aberration 1s structural chromosome damage ex-
pressed as breakage, or breakage and reunion, of both chromatids at an
identical site.

Endoreduplication 1s a process 1n which after an S peniod of DNA
replication, the nucleus does not go into mtosis but starts another S penod
The result 1s chromosomes with 2,4.8, . chromatids.

Gap 1s an achromatic lesion smaller than the width of one chromatid,
and with mumimum misalignment of the chromatids.

Numerical aberration 1s a change in the number of chromosomes
from the normal number charactenistic of the animals utilized

Polyploidy 1s a multiple of the haploid chromosome number (n) other
than the diploid number (1e, 3n, 4n, and so on)
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Structural aberration 1s a change in chromosome structure detectable
by mucroscopic examination of the metaphase stage of cell division, ob-
served as deletions and fragments, intrachanges or interchanges

(d) Initial considerations. (1) Rodents are routinely used in this test
Bone marrow 1s the target tissue 1 this test, since 1t 1s a highly
vasculanized tissue, and 1t contains a population of rapidly cycling cells
that can be readily 1solated and processed Other species and target tissues
are not the subject of this guideline

(2) This chromosome aberration test 1s especially relevant to assessing
mutagenic hazard 1n that 1t allows consideration of factors of in vivo me-
tabolism, pharmacokinetics, and DNA-repair processes although these may
vary among species and among tissues An in vivo test 1s also useful for
further investigation of a mutagemic effect detected by an in vitro test

(3) If there 15 evidence that the test substance, or a reactive
metabolite, will not reach the target tissue, 1t 1s not appropnate to use
this test

(e) Test method—(1) Principle. Amimals are exposed to the test sub-
stance by an appropnate route of exposure and are sacnficed at appropriate
tumes after treatment. Pnior to sacnfice, animals are treated with a meta-
phase-arresting agent (e g , colchicine or Colcemud®) Chromosome prep-
arations are then made from the bone marrow cells and stained, and meta-
phase cells are analyzed for chromosome aberrations

(2) Description—1) Preparations—(A) Selection of animal species.
Rats, mice, and Chinese hamsters are commonly used, although any appro-
priate mammahian species may be used Commonly used laboratory strains
of healthy young-adult animals should be employed At the commence-
ment of the study, the weight vanation of animals should be munimal and
not exceed 20 percent of the mean weight of each sex

» (B) Housing and feeding conditions. The temperature 1n the experi-
mental animal room should be 22 °C (+3 °C) Although the relative humud-
ity should be at least 30 percent and preferably not exceed 70 percent
other than dunng room cleaning, the aim should be 50-60 percent Light-
ing should be artificial, the sequence being 12 hours hight, 12 hours dark.
For feeding, conventional laboratory diets may be used with an unlimited
supply of dnnking water The choice of diet may be influenced by the
need to ensure a suitable admuxture of a test substance when admunistered
by this method Ammals may be housed individually, or be caged in small
groups of the same sex

(C) Preparation of the animals. Healthy, young-aduit animals should
be randomly assigned to the control and treatment groups Cages should
be arranged in such a way that possible effects due to cage placement
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are munimuzed The animals are idenufied uniquely The amimals are accli-
mated to the laboratory conditions for at least 5 days

(D) Preparation of doses. Solid test substances should be dissolved
or suspended 1n approprate solvents or vehicles and diluted, if appropnate,
prior to dosing of the ammals Liquid-test substances may be dosed di-
rectly or diluted prior to dosing Fresh preparations of the test substance
should be employed unless stability data demonstrate the acceptability of
storage

(1) Test conditions—(A) Solvent/vehicle. The solvent/vehicle should
not produce toxic effects at the dose levels used, and should not be sus-
pected of chemical reaction with the test substance If other than well-
known solvents/vehicles are used, their inclusion should be supported with
data indicating their compatibility It 1s recommended that wherever pos-
sible, the use of an aqueous solvent/vehicle should be considered first.

(B) Controls. (/) Concurrent positive and negative (solvent/vehicle)
controls should be included for each sex 1n each test Except for treatment
with the test substance, amimals in the control groups should be handled
in an 1dentical manner to the animals 1n the treated groups

(2) Positve controls should produce structural chromosome aberra-
tions n vivo at exposure levels expected to give a detectable increase over
background Positive control doses should be chosen so that the effects
are clear but do not immediately reveal the 1dentity of the coded slides
to the reader It 1s acceptable that the positive control be admenistered
by a route different from the test substance and sampled at only a single
time The use of chemucal class related positive control chemicals may
be considered, when available Examples of positive control substances
include.

Chemicat CAS number
Triethylenemelamine 51-18~3
Ethyl methanesulphonate 62-50-0
Ethyl nitrosourea [758-73-9
Mitomyein C 50-07-
Cyclophosphamide {monohydrate) 50-18-0
([6055~19-2]

(3) Negative controls, treated with solvent or vehicle alone, and other-
wise treated in the same way as the treatment groups, should be included
for every sampling time, unless acceptable inter-ammal variability and fre-
quencies of cells with chromosome aberrations are available from histon-
cal control data. If single sampling 1s applied for negative controls, the
most appropriate time 1s the first sampling time In addition, untreated
controls should also be used unless there are histoncal or published control
data demonstrating that no deleterious or mutagenic effects are induced
by the chosen solvent/vehicle



(3) Procedure—(1) Number and sex of amimals. Each treated and
control group should include at least five analyzable ammals per sex If
at the time of the study there are data available from studies in the same
species and using the same route of exposure that demonstrate that there
are no substantial differences in toxicity between sexes, then tesung n
a single sex will be sufficient Where human exposure to chemucals may
be sex specific, as for example with some pharmaceutical agents, the test
should be performed with animals of the appropnate sex

(1) Treatment schedule. (A) Test substances are preferably admunis-
tered as a single treatment Test substances may also be admunistered as
a split dose, 1.e two treatments on the same day separated by no more
than a few hours, to facilitate admunistering a large volume of matenal
Other dose regimens should be scientifically justified

(B) Samples should be taken at two separate times following treat-
ment on one day For rodents, the first sampling interval i1s 1 5 normal
cell-cycle length (the latter being normally 12-18 hours) following treat-
ment Since the time required for uptake and metabolism of the test sub-
stance as well as 1ts effect on cell-cycle kinetics can affect the optimum
time for chromosome aberration detection, a later sample collection 24
hours after the first sample time 1s recommended If dose regimens of
more than 1 day are used, one sampling time at 1 5 normal cell-cycle
lengths after the final treatment should be used

(C) Pnor to sacnfice, animals should be injected intrapentoneally
with an appropnate dose of a metaphase arresting agent (e g., Colcerud®
or colchicine). Animals are sampled at an appropnate interval thereafter.
For muce this interval 1s approximately 3-5 hours, for Chinese hamsters
this interval 1s approxiumately 4-5 hours Cells should be harvested from
the bone marrow and analysed from chromosome aberrations.

(1) Dose levels. If a range finding study 1s performed because there
are no suitable data available, 1t should be performed in the same labora-
tory, using the same species, strain, sex, and treatment regumen to be used
in the main study (see reference in paragraph (g)(5) of this guideline)
If there 1s toxicity, three-dose levels should be used for the first sampling
tume. These dose levels should cover a range from the maximum to little
or no toxicity At the later sampling ume only the highest dose needs
to be used. The highest dose 1s defined as the dose producing signs of
toxicity such that higher dose levels, based on the same dosing regimen,
would be expected to produce lethality Substances with specific biological
activities at low non-toxic doses (such as hormones and mitogens) may
be exceptions to the dose-setting critenna and should be evaluated on a
case-by-case basis The highest dose may also be defined as a dose that
produces some indication of toxicity in the bone marrow (e.g , greater than
50 percent reduction in mitotic index)
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(1v) Limit test. If a test at one dose level of at least 2,000 mg/kg
body weight using a single treatment or as two treatments on the same
day produces no observable toxic effects, and 1f genotoxicity would not
be expected based on data from structurally related compounds then a
full study using three-dose levels may not be considered necessary For
studies of a longer duration, the limut dose 1s 2,000 mg/kg/body werght/
day for treatment up to 14 days, and 1,000 mg/kg/body weight/day for
treatment longer than 14 days Expected human exposure may indicate
the need for a higher-dose level to be used in the himut test

(v) Administration of doses. The test substance 1s usually admunis-
tered by gavage using a stomach tube or a suitable intubation cannula,
or by intrapentoneal injection Other routes of exposure may be acceptable
where they can be justified The maximum volume of hquid that can be
adrmunistered by gavage or injection at one ume depends on the size of
the test ammmal The volume should not exceed 2 mli/100g body weight
The use of volumes higher than these must be justified Except for irntat-
ing or corrosive substances which will normally reveal exacerbated effects
with higher concentrations, vanability 1n test volume should be mimimsed
by adjusting the concentration to ensure a constant volume at all dose
levels.

(vi) Chromosome preparation. Immediately after sacnfice, bone
marrow should be obtained, exposed to hypotonic solution and fixed The
cells should be then spread on slides and stained

(vn) Analysis. (A) The mutotic index should be deterrmned as a meas-
ure of cytotoxicity in at least 1,000 cells per ammal for all treated animals
(including positive controls) and untreated negative control animals

(B) At least 100 cells should be analyzed for each animal. This num-
ber could be reduced when high numbers of aberrations are observed All
shdes, including those of positive and negative controls, should be inde-
pendently coded before microscopic analysis Since shde preparation pro-
cedures often result in the breakage of a proportion of metaphases with
loss of chromosomes, the cells scored should therefore contain a number
of centromeres equal to the number 2n +2.

(f) Data and reporting—(1) Treatment of results. Individual ammal
data should be presented in tabular form The expenmental unit 1s the
animal For each amimal the number of cells scored, the number of aberra-
tions per cell and the percentage of cells with structural chromosome
aberration(s) should be evaluated Different types of structural chro-
mosome aberrations should be listed with therr numbers and frequencies
for treated and control groups Gaps should be recorded separately and
reported but generally not included 1n the total aberration frequency If
there 1s no evidence for a difference in response between the sexes, the
data may be combined for statistical analysis
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(2) Evaluation and interpretation of results. (1) There are several
critenna for determuning a positive result, such as a dose-related increase
in the relative number of cells with chromosome aberrations or a clear
increase 1n the number of cells with aberrations 1n a single-dose group
at a single-sampling ttme Biological relevance of the results should be
considered first Statistical methods may be used as an aid 1n evaluating
the test results (see reference 1n paragraph (g)(6) of this guideline) Statis-
tical significance should not be the only determuning factor for a positive
response Equivocal results should be clanfied by further testing preferably
using a modification of expenmental conditions

(1) An increase in polyploiddy may indicate that the test substance
has the potential to induce numercal chromosome aberrations An increase
in endoreduplication may 1ndicate that the test substance has the potential
to mhibit cell-cycle progression (see references in paragraphs (g)(7) and
g)X8) of this guideline)

(1) A test substance for which the resuits do not meet the cntena
in paragraphs (£)(2)(1) and (f)(2)(n) of this guideline 1s considered non-
mutagenic 1n this test

(1v) Although most experiments will give clearly positive or negative
results, in rare cases the data set will preclude making a definite judgement
about the activity of the test substance Results may remain equivocal or
questionable regardless of the number of experiments performed

(v) Positive results from the in vivo chromosome aberration test indi-
cate that a substance induces chromosome aberrations 1in the bone marrow
of the species tested Negative results indicate that, under the test condi-
tions, the test substance does not induce chromosome aberrations in the
bone marrow of the species tested

(v1) The likelthood that the test substance or its metabolites reach
the general circulation or specifically the target tissue (e g , systemic tox-
1c1ty) should be discussed

(3) Test report. The test report should include the following informa-
tion

(1) Test substance:

(A) Identification data and CAS No, if known

(B) Physical nature and punty

(C) Physicochemucal properuies relevant to the conduct of the study
(D) Stability of the test substance, if known

(n) Solvent/vehicle



(A) Justfication for choice of vehicle

(B) Solubility and stability of the test substance in solvent/vehicle,
if known

(1) Test amimals

(A) Species/strain used

(B) Number, age, and sex of animals
(C) Source, housing conditions, diet, etc

(D) Individual weight of the animals at the start of the test, including
body weight range, mean, and standard deviation for each group

(1v) Test conditions

(A) Positive and negative (vehicle/solvent) controls
(B) Data from range-finding study, 1f conducted

(C) Rationale for dose level selection

(D) Details of test substance preparation

(E) Details of the administration of the test substance
(F) Rauonale for route of administration

(G) Methods for venfying that the test substance reached the general
circulation or target tissue, 1f applicable

(H) Conversion from diet/dninking water test substance concentration
parts per million (ppm) to the actual dose (mg/kg body weight/day), if
applicable

(I) Detauls of food and water quality
(J) Detailed descrniption of treatment and sampling schedules.
(K) Methods for measurement of toxicity

(L) Identity of metaphase arresting substance, 1ts concentration and
duration of treatment

(M) Methods of slide preparation

(N) Cntena for scoring aberrations

(O) Number of cells analysed per animal

(P) Cnitena for considening studies as positive, negative or equivocal

(v) Results



(A) Signs of toxicity
(B) Mitotic index
(C) Type and number of aberrations, given separately for each animal

(D) Total number of aberrations per group with means and standard
deviations

(E) Number of cells with aberrations per group with means and stand-
ard deviations

(F) Changes 1n plowdy, if seen

(G) Dose-response relationship, where possible
(H) Statistical analyses, if any

(I) Concurrent negative control data

(J) Histoncal negative control data with ranges, means and standard
deviations.

(K) Concurrent positive control data
(v1) Dascussion of the results
(vu1) Conclusion

g) References. The following references should be consulted for ad-
ditional background information on ths test guideline
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INTRODUCTION

This guideline 1s one of a series of test guidelines that have been
developed by the Office of Prevention, Pesticides and Toxic Substances,
United States Environmental Protection Agency for use in the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmomization that
blended the testing gmdance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
National Technical Information Service (NTIS) and the guidelines pub-
lished by the Orgamization for Economic Cooperation and Development
(OECD)

The purpose of harmomazing these guidelines into a single set of
OPPTS guidehines 1s to munimuze vanations among the testing procedures
that must be performed to meet the data requirements of the U. S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U.S C 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7USC 136, et seq)

Final Guideline Release: This guirdeline s available from the U.S.
Government Printing Office, Washington, DC 20402 on disks or paper
coptes call (202) 512-0132 This guideline 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http //www.epa.gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmomized Test
Guidelines.”’
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OPPTS 870 5395 Mammalian erythrocyte micronucleus test.

(2) Scope—(1) Applicabality. This guideline 1s intended to meet test-
ing requirements of both the Federal Insecticide, Fungicide, and
Rodenucide Act (FIFRA) (7 U S C 136, er seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source materials used in developing this har-
monized OPPTS test gmdeline are OPPT 40 CFR 798 5385 In vivo mam-
malian bone marrow cytogenetics test Micronucleus assay and OECD
474, Mammalian Erythrocyte Micronucleus Test

(b) Purpose. (1) The mammahian in vivo micronucleus test 1s used
for the detection of damage induced by the test substance to the chro-
mosomes or the mutotic apparatus of erythroblasts by analysis of
erythrocytes as sampled in bone marrow and/or pertpheral blood cells of
amimals, usually rodents

(2) The purpose of the mucronucleus test 1s to identfy substances
that cause cytogenetic damage which results i the formation of
micronucler containing lagging chromosome fragments or whole chro-
mosomes.

(3) When a bone marrow erythroblast develops into a polychromatic
erythrocyte, the matn nucleus 1s extruded, any micronucleus that has been
formed may remain behind 1n the otherwise anucleated cytoplasm. Visual-
1zation of micronucler 1s facilitated 1n these cells because they lack a main
nucleus An increase 1n the frequency of mucronucleated polychromatic
erythrocytes 1n treated animals 1s an indication of induced chromosome
damage

(c) Definitions The definitions 1n section 3 of TSCA and 1in 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guideline The following definitions also apply to this test guideline

Centromere (kinetochore) 1s a region of a chromosome with which
spindle fibers are associated duning cell division, allowing orderly move-
ment of daughter chromosomes to the poles of the daughter cells

Micronucle: are small nuclel, separate from and additional to the main
nucle: of cells, produced duning telophase of mutosis (me1osis) by lagging
chromosome fragments or whole chromosomes

Normochromatic erythrocyte 1s a mature erythrocyte that lacks
ribosomes and can be distinguished from immature, polychromatic
erythrocytes by stains selective for nbosomes

Polychromatic erythrocyte 1s a immature erythrocyte, in an intermedi-
ate stage of development, that stll contains nbosomes and therefore can
be distinguished from mature, normochromatic erythrocytes by stains se-
lective for ribosomes



(d) Initial considerations. (1) The bone marrow of rodents 1s rou-
tinely used 1n this test since polychromatic erythrocytes are produced 1n
that issue The measurement of mucronucleated tmmature (polychromatic)
erythrocytes in peripheral blood 1s equally acceptable 1n any species 1n
which the mability of the spleen to remove micronucleated erythrocytes
has been demonstrated, or which has shown an adequate sensiivity to de-
tect agents that cause structural or numencal chromosome aberrations
Micronucler can be distinguished by a number of criteria These include
identification of the presence or absence of a kinetochore or centromeric
DNA 1n the mucronucler The frequency of micronucleated immature (pol-
ychromatic) erythrocytes 1s the principal endpoint The number of mature
(normochromatic) erythrocytes in the penpheral blood that contain
micronucler among a given number of mature erythrocytes can also be
used as the endpoint of the assay when amumals are treated continuously
for 4 weeks or more This mammahian in vivo mucronucleus test 1s espe-
cially relevant to assessing mutagenic hazard 1n that 1t allows consideration
of factors of in vivo metabolism, pharmacokinetics, and DNA-repair proc-
esses although these may vary among species, among tissues and among
genetic endpoints An in vivo assay 1s also useful for further investigation
of a mutagenic effect detected by an in vitro system

(2) If there 1s evidence that the test substance, or a reactive
metabolite, will not reach the target tissue, 1t 1s not appropnate to use
this test

(e) Test method—(1) Principle. Animals are exposed to the test sub-
stance by an appropriate route If bone marrow 1s used, the ammals are
sacrificed at appropnate tumes after treatment, the bone marrow extracted,
and preparations made and stained (see references in paragraphs (g)(1),
(g)(2), and (g)}3) of this guideline) When penpheral blood 1s used, the
blood 1s collected at appropnate tumes after treatment and smear prepara-
tions are made and stained (see references in paragraphs (g)(3), (g)(4),
(gX5), and (g)(6) of this gmdeline) For studies with penpheral blood, as
little time as possible should elapse between the last exposure and cell
harvest. Preparations are analyzed for the presence of mucronucler.

(2) Description—(1) Preparations—(A) Selection of animal species.
Mice or rats are recommended if bone marrow 1s used, although any ap-
propriate mammalian species may be used When penpheral blood 1s used,
muce are recommended However, any appropnate mammalian species
may be used provided 1t 1s a species 1n which the spleen does not remove
mucronucleated erythrocytes or a spectes which has shown an adequate
sensitivity to detect agents that cause structural or numerical chromosome
aberrations Commonly used laboratory strains of healthy young animals
shouid be employed At the commencement of the study, the weight vari-
ation of ammals should be rminimal and not exceed £20 percent of the
mean weight of each sex



(B) Housing and feeding conditions. The temperature in the expern-
mental animal room should be 22 °C (3 °C) Although the relative humud-
ity should be at least 30 percent and preferably not exceed 70 percent
other than during room cleaning, the aim should be 50-60 percent Light-
ing should be artificial, the sequence being 12 hours light, 12 hours dark
For feeding, conventional laboratory diets may be used with an unhimited
supply of drinking water The choice of diet may be influenced by the
need to ensure a suitable admixture of a test substance when admunistered
by this route Animals may be housed individually, or caged in small
groups of the same sex

(C) Preparation of the animals. Healthy young adult animals should
be randomly assigned to the control and treatment groups The amimals
are 1dentified uniquely The animals are acchimated to the laboratory cond:-
tions for at least five days Cages should be arranged in such a way that
possible effects due to cage placement are minimized

(D) Preparation of doses. Solid test substances should be dissolved
or suspended 1n appropnate solvents or vehicles and diluted, if appropnate,
prior to dosing of the amimals Liquid-test substances may be dosed di-
rectly or diluted prior to dosing Fresh preparations of the test substance
should be employed unless stability data demonstrate the acceptability of
storage.

(1) Test conditions—(A) Solvent/vehicle. The solvent/vehicle should
not produce toxic effects at the dose levels used, and should not be sus-
pected of chemical reaction with the test substance If other than well-
known solvents/vehicles are used, their inclusion should be supported with
reference data indicating their compatibility It 1s recommended that wher-
ever possible, the use of an aqueous solvent/vehicle should be considered
first,

(B) Controls. (1) Concurrent positive and negative (solvent/vehicle)
controls should be included for each sex 1n each test Except for treatment
with the test substance, animals 1n the control groups should be handled
1n an 1dentical manner to amimals of the treatment groups

(2) Positive controls should produce micronuclet in vivo at exposure
levels expected to give a detectable increase over background. Positive-
control doses should be chosen so that the effects are clear but do not
immediately reveal the identity of the coded shides to the reader. It 1s ac-
ceptable that the positive control be administered by a route different from
the test substance and sampled at only a single tme In addition, the use
of chemucal class-related positive control chemicals may be considered,
when available Examples of positive control substances include.



Chemical CAS number
Ethyl methanesulphonate [{62-50-0]
Ethyl nitrosourea {759-73-9
Mitomyein C [50~07~7
Cyclophosphamide (monohydrate) [50-18-0
{({6055-19-2})
Triethylenemelamine [51-18-3]

(3) Negative controls, treated with solvent or vehicle alone, and other-
wise treated 1n the same way as the treatment groups should be included
for every sampling time, unless acceptable inter-animal vartability and fre-
quencies of cells with mucronucler are demonstrated by historical-control
data If single sampling 1s applied for negative controls, the most appro-
pniate ime 1s the first sampling time In addition, untreated controls should
also be used unless there are historical- or published-control data dem-
onstrating that no deleterious or mutagenic effects are induced by the cho-
sen solvent/vehicle

(4) If penpheral blood 1s used, a pre-treatment sample may also be
acceptable as a concurrent negative control, but only 1n the short penipheral
blood studies (e g , one~three treatment(s)) when the resulting data are in
the expected range for the histoncal control

(3) Procedure—(1) Number and sex of animals. Each treated and
control group should include at least 5 analyzable animals per sex (see
reference 1n paragraph (g)(7) of this gmideline) If at the ttme of the study
there are data available from studies in the same species and using the
same route of exposure that demonstrate that there are no substantial dif-
ferences between sexes 1n toxicity, then testing 1n 2 single sex will be
sufficient. Where human exposure to chemicals may be sex specific, as
for example with some pharmaceutical agents, the test should be per-
formed with animals of the appropnate sex

(1) Treatment schedule. (A) No standard treatment schedule (i.e
1, 2, or more treatments at 24 hour intervals) can be recommended. The
samples from extended dose regimens are acceptable as long as a positive
effect has been demonstrated for this study or, for a negative study, as
long as toxicity has been demonstrated or the it dose has been used,
and dosing continued until the time of sampling Test substances may also
be admunistered as a split dose, 1e, two treatments on the same day sepa-
rated by no more than a few hours, to facilitate adnmunistering a large vol-
ume of matenal

(B) The test may be performed 1n two ways.

(1) Animals should be treated with the test substance once. Samples
of bone marrow should be taken at least twice, starting not earher than
24 hour after treatment, but not extending beyond 48 hours after treatment
with appropnate interval(s) between samples The use of sampling times

- earlier than 24 hours after treatment should be justufied Samples of periph-
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eral blood should be taken at least twice, starting not earlier than 36 hours
after treatment, with appropriate intervals following the first sample, but
not extending beyond 72 hours When a positive response 1s recognized
at one sampling time, additional sampling 1s not required

(2) If two or more daily treatments are used (e g two or more treat-
ments at 24 hour intervals), samples should be collected once between
18 and 24 hours following the final treatment for the bone marrow and
once between 36 and 48 hours following the final treatment for the periph-
eral blood (see reference 1n paragraph (g)(8) of this guideline)

(C) Other sampling times may be used in addition, when relevant

(m) Dose levels. If a range finding study 1s performed because there
are no suitable data available, it should be performed in the same labora-
tory, using the same species, strain, sex, and treatment regimen to be used
in the main study (see reference in paragraph (g)(9) of this gmideline)
If there 1s toxicity, three-dose levels should be used for the first sampling
ume These dose levels should cover a range from the maximum to httle
or no toxicity At the later samphng time only the highest dose needs
to be used The highest dose 1s defined as the dose producing signs of
toxicity such that higher dose levels, based on the same dosing regumen,
would be expected to produce lethality Substances with specific biological
activities at low non-toxic doses (such as hormones and mitogens) may
be exceptions to the dose-setting critenna and should be evaluated on a
case-by-case basis The highest dose may also be defined as a dose that
produces some indication of toxicity in the bone marrow (e g. a reduction
in the proportion of unmature erythrocytes among total erythrocytes in
the bone marrow or penpheral blood).

(1v) Limit test. If a test at one dose level of at least 2,000 mg/kg
body weight using a single treatment, or as two treatments on the same
day, produces no observable toxic effects, and if genotoxicity would not
be expected based upon data from structurally related substances, then a
full study using three-dose levels may not be considered necessary. For
studies of a longer duration, the limt dose 1s 2,000 mg/kg/body weight/
day for treatment up to 14 days, and 1,000 mg/kg/body weight/day for
treatment longer than 14 days Expected human exposure may indicate
the need for a higher-dose level to be used 1n the limt test

(v) Administration of doses. The test substance 1s usually adminis-
tered by gavage using a stomach tube or a suitable intubation cannula,
or by intrapenitoneal mjection Other routes of exposure may be acceptable
where they can be justified The maximum volume of liquid that can be
administered by gavage or mjection at one time depends on the size of
the test amimal The volume should not exceed 2 ml/100g body weight.
The use of volumes higher than these must be justified. Except for irntat-
ing or corrosive substances which will normally reveal exacerbated effects
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with higher concentrations, varnability (n test volume should be minimized
by adjusting the concentration to ensure a constant volume at all dose
levels

(v1) Bone marrow/blood preparation. Bone marrow cells should be
obtained from the femurs or tibias immed:iately following sacnifice Cells
should be removed from femurs or tibias, prepared and stained using estab-
lished methods Penpheral blood 1s obtained from the tail vein or other
approprnate blood vessel Blood cells are immediately stained supravitally
(see references 1n paragraphs (g)(4), (g)(5), and (g}(6) of this guideline)
or smear preparations are made and then stained The use of a DNA-spe-
cific stain (e g acrnidine orange (see reference in paragraph (g)(10) of this
guideline) or Hoechst 33258 plus pyronin-Y (see reference in paragraph
(g)(11) of this guideline) can eliminate some of the artifacts associated
with using a non-DNA-specific stain This advantage does not preclude
the use of conventional stains (e g, Giemsa) Additional systems (e g cel-
lulose columns to remove nucleated cells (see reference in paragraph
(g)(12) of this gmdeline) can also be used provided that these systems
have been shown to adequately work for micronucleus preparation 1n the
laboratory

(vi1) Analysis. The proportion of immature among total (1mmature
+ mature) erythrocytes 1s determuned for each amimal by counting a total
of at least 200 erythrocytes for bone marrow and 1,000 erythrocytes for
penpheral blood (see reference 1n paragraph (g)(13) of this gmdeline) All
slides, including those of positive and negative controls, should be inde-
pendently coded before microscopic analysis. At least 2,000 immature
erythrocytes per amumal should be scored for the incidence of
micronucleated immature erythrocytes Additional information may be ob-
tained by sconng mature erythrocytes for micronuclei. When analyzing
shides, the proportion of immature erythrocytes among total erythrocytes
should not be less than 20 percent of the control value. When animals
are treated continuously for 4 weeks or more, at least 2,000 mature
erythrocytes per ammal can also be scored for the incidence of
micronucler Systems for automated analysis (1mage analysis) and cell sus-
pensions (flow cytometry) are acceptable alternatives to manual evaluation
if appropnately justified and validated

(f) Data and reporting—(1) Treatment of results. Individual animal
data should be presented in tabular form. The expennmental umit is the
animal The number of immature erythrocytes scored, the number of
micronucleated immature erythrocytes, and the number of immature
among total erythrocytes should be listed separately for each animal ana-
lyzed. When animals are treated continuously for 4 weeks or more, the
data on mature erythrocytes should also be given if it is collected. The
proportion of inmature among total erythrocytes and, if considered appli-
cable, the percentage of micronucleated erythrocytes should be given for
each anmmal If there ts no evidence for a difference 1n response between
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the sexes, the data fiom both sexes may be combined fot statistcal analy-
SIS

(2) Evaluation and interpretation of results. (1) There are several
criteria for determining a positive result, such as a dose-related increase
in the number of micronucleated cells or a clear increase 1n the number
of mucronucleated cells 1n a single-dose group at a single-sampling time
Biological relevance of the results should be considered first Statistical
methods may be used as an aid 1n evaluating the test results (see references
in paragraphs (g)(14) and (g)(15) of this guideline) Statistical significance
should not be the only determuning factor for a positive response. Equivo-
cal results should be clanfied by further testing preferably using a modi-
fication of expenmental conditions

(1) A test substance for which the results do not meet the critena
in paragraph (f)(2)(1) of this guideline 1s considered non-mutagenic 1n this
test

() Although most expenments will give clearly positive or negative
results, 1n rare cases the data set will preclude making a definite judgement
about the acuvity of the test substance Results may remain equivocal or
questionable regardless of the number of tumes the expennment 1s repeated
Posttive results 1n the micronucleus test indicate that a substance induces
micronucler which are the result of chromosomal damage or damage to
the mutotic apparatus 1n the erythroblasts of the test species. Negative re-
sults indicate that, under the test conditions, the test substance does not
produce mucronuclel 1n the immature erythrocytes of the test species

(1v) The likelihood that the test substance or its metabolites reach
the general circulation or specifically the target tissue (e g systemic tox-
icity) should be discussed

(3) Test report. The test report should include the following informa-
tion

(1) Test substance

(A) Identification data and CAS No , if known

(B) Physical nature and punty

(C) Physiochemucal properties relevant to the conduct of the study
(D) Stability of the test substance, if known

(1) Solvent/vehicle

(A) Justification for choice of vehicle

(B) Solubility and stability of the test substance wn the solvent/vehicle,
if known



(11) Test animals

(A) Species/strain used

(B) Number, age, and sex of anumals
(C) Source, housing conditions, diet, etc

(D) Individual weight of the ammals at the start of the test, including
body weight range, mean, and standard deviation for each group

(1v) Test conditions

(A) Positive and negative (vehicle/solvent) control data
(B) Data from range-finding study, if conducted

(C) Rationale for dose-level selection

(D) Details of test substance preparation

(E) Details of the administration of the test substance
(F) Rationale for route of admimistration

(G) Methods for venfying that the test substance reached the general
circulation or target tissue, if applicable

(H) Conversion from diet/dnnking water test substance concentration
parts per million (ppm) to the actual dose (mg/kg body weight/day), if
applicable

(I) Details of food and water quality

(J) Detailed descniption of treatment and sampling schedules

(K) Methods of slide preparation

(L) Methods for measurement of toxicity

(M) Critena for scoring muicronucleated immature erythrocytes

(N) Number of cells analyzed per animal.

(O) Cntena for considenng studies as positive, negative, or equivocal.
(v) Results

(A) Signs of toxicity.

(B) Proportion of immature erythrocytes among total erythrocytes

(C) Number of micronucleated immature erythrocytes, given sepa-
rately for each animal
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(D) Mean + standard deviation of mucronucleated immature
erythrocytes per group

(E) Dose-response relationship, where possible

(F) Statistical analyses and method applied

(G) Concurrent and historical negative-control data
(H) Concurrent posttive-control data

(v1) Discussion of the results

(vn) Conclusion

(g) References. The following references should be consuited for ad-
ditional background information on this test gmdeline
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INTRODUCTION

This guideline 1s one of a series of test guidelines that have been
developed by the Office of Prevention, Pesticides and Toxic Substances,
United States Environmental Protection Agency for use in the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmonization that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter [, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
National Technical Information Service (NTIS) and the guidelines pub-
lished by the Organization for Economic Cooperation and Development
(OECD)

The purpose of harmomzing these guidelines into a single set of
OPPTS guidelines 1s to munimize vanations among the testing procedures
that must be performed to meet the data requirements of the U S. Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U S C 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7TUSC 136, et seq )

Final Guideline Release: This gmdeline 1s available from the U.S
Government Printing Office, Washington, DC 20402 on disks or paper
coptes call (202) 512-0132 This guideline 1s also avalable electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http //www.epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Gudelines/OPPTS Harmonized Test
Guidelines ™’
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OPPTS 870.5450 Rodent dominant lethal assay.

(a) Scope—(1) Apphcability. This gmideline 1s intended to meet test-
ing requirements of both the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) (7 U S C 136, er seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used 1n developing this har-
monized OPPTS test guideline are OPPT 40 CFR 798 5450 Rodent dom-
nant Lethal assay and OECD 478 Genetic Toxicology Rodent Domunant
Lethal Assay

(b) Purpose. Domunant lethal (DL) effects cause embryonic or fetal
death Induction of a domunant lethal event after exposure to a chemical
substance 1ndicates that the substance has affected germunal tissue of the
test species Donunant lethals are generally accepted to be the result of
chromosomal damage (structural and numencal anomalies) but gene
mutations and toxic effects cannot be excluded

(c) Definitions. The definitions 1n section 3 of TSCA and in 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guideline The following definition also applies to this test guideline.

Dominant lethal mutation 1s one occurning 1n a germ cell which does
not cause dysfunction of the gamete, but which 1s lethal to the fertilized
egg or developing embryo

(d) Reference substances. These may include, but need not be lim-
ited to, tnethylenemelamine, cyclophosphamide, or  ethyl
methanesuifonate

(e) Test method—(1) Principle. Generally, male animals are exposed
to the test substance and mated to untreated virgin females The vanous
germ cell stages can be tested separately by the use of sequential mating
intervals The females are sacnficed after an appropriate period of tume
and the contents of the uten are examined to determine the numbers of
implants and live and dead embryos The calculation of the dominant lethal
effect 1s based on comparison of the live implants per female in the treated
group to the live implants per female in the control group. The increase
of dead implants per female 1n the treated group over the dead implants
per female 1in the control group reflects the post-umplantation loss. The
post-umplantation loss 1s calculated by determuning the rauo of dead to
total implants from the treated group compared to the ratto of dead to
total implants from the control group Pre-implantation loss can be esti-
mated on the basis of corpora lutea counts or by comparnng the total im-
plants per female 1n treated and control groups

(2) Description. (1) Several treatment schedules are available The
most widely used requires single admimistration of the test substance.

1



Other treatment schedules, such as treatment on five consecutive days, may
be used if justified by the investigator

(n) Individual males are mated sequentially to virgin females at ap-
propnate intervals The number of matings following treatment 1s governed
by the treatment schedule and should ensure that germ cell maturation
1s adequately covered Females are sacnificed in the second half of preg-
nancy and the uterine contents examined to determine the total number
of implants and the number of live and dead embryos

(3) Animal selection—(1) Species. Rats or mice are generally used
as the test species Strains with low background dominant lethahty, high
pregnancy frequency, and high implant numbers are recommended

(1) Age. Healthy, sexually mature animals should be used.

(1) Number. An adequate number of amimals should be used taking
mto account the spontaneous vanation of the biological charactenstics
being evaluated The number chosen should be based on the predeterrned
sensitivity of detection and power of significance For example, 1n a typical
expeniment, the number of males in each group should be sufficient to
provide between 30 and 50 pregnant females per mating interval

(1v) Assignment to groups. Amimals should be randomized and as-
signed to treatment and control groups

(4) Control groups—(1) Concurrent controls. Generally concurrent
positive and negative (vehicle) controls should be included 1n each exper-
ment When acceptable positive control results are available from expen-
ments conducted recently (within the last 12 months) in the same labora-
tory, these results can be used instead of a concurrent positive control

(11) Positive controls. Positive control substances should be used at
a dose which demonstrates the test sensitivity

(5) Test chemicals—(1) Vehicle. When possible, test substances
should be dissolved or suspended in 1sotomic saline or distilled water
Water-insoluble chemucals may be dissolved or suspended in appropriate
vehicles The vehicle used should neither interfere with the test chemucal
nor produce toxic effects Fresh preparations of the test chemical should
be employed.

(1) Dose levels. Normally, three dose levels should be used The
highest dose should produce signs of toxicity (e g., shghtly reduced fertil-
ity and slightly reduced body weight) However, in an initial assessment
of dominant lethality a single high dose may be sufficient Nontoxic sub-
stances should be tested at 5 g/kg or, if this 1s not practicable, then as
the highest dose attainable



(m) Route of admimstration. The usual routes of admintstration are
oral or by IP mjection Other routes may be appropuate

(f) Test performance. (1) Individual males are mated sequentially
at appropriate predetermined intervals to one or two virgin females Fe-
males should be left with the males for at least the duration of one estrus
cycle or alternatively until mating has occurred as determuned by the pres-
ence of sperm in the vagina or by the presence of a vaginal plug

(2) The number of maungs following treatment should be governed
by the treatment schedule and should ensure that germ cell maturation
1s adequately covered

(3) Females should be sacrificed 1n the second half of pregnancy and
uterine contents exarmuned to determune the number of implants and live
and dead embryos The ovanes may be examined to determine the number
of corpora lutea

g) Data and report—(1) Treatment of results. Data should be tab-
ulated to show the number of males, the number of pregnant females, and
the number of nonpregnant females Results of each mating, including the
identity of each male and female, should be reported individually For each
female, the dose level and week of mating and the frequencies of live
implants and of dead implants should be enumerated If the data are re-
corded as early and late deaths, the tables should make that clear If pre-
plantation loss 1s estimated, 1t should be reported Pre-implantation loss
can be calculated as the difference between the number of corpora lutea
and the number of implants or as a reduction 1n the average number of
implants per female in companson with control matings

(2) Statistical evaluation. Data should be evaluated by appropriate
statistical methods Differences among amimals within the control and
treatment groups should be considered before making compansons be-
tween treated and control groups

(3) Interpretation of results. (1) There are several cntena for deter-
mining a positive result, one of which 1s a statistically significant dose-
related increase in the number of dominant lethals Another critenion may
be based upon detection of a reproducible and statistically significant posi-
tive response for at least one of the test points

(1) A test substance which does not produce either a statnstically sig-
nificant dose-related increase 1n the number of domunant lethals or a statis-
tically significant and reproducible positive response at any one of the
test points 1s considered nonmutagenic in this system

(1) Both biological and statistical significance should be considered
together 1n the evaluation



(4) Test evaluation. (1) A positive DL assay suggests that under the
test condrtions the test substance may be genotoxic 1n the germ cells of
the treated sex of the test species

(11) A negatve result suggests that under the conditions of the test
the test substance may not be genotoxic in the germ cells of the treated
sex of the test species

(5) Test report. In additon to the reporting recommendations as
specified under 40 CFR part 792, subpart J, the following specific informa-
tion should be reported

(1) Species, strain, age, and weights of animals used, number of ani-
mals of each sex 1n expertmental and control groups

(u) Test substance, vehicle used, dose levels and rationale for dosage
selection, negative (vehicle) and positive controls, and experimental obser-
vations, including signs of toxicity

(1) Route and duration of exposure
(1v) Mating schedule

(v) Methods used to determune that mating has occurred (where appl-
cable)

(v1) Cntena for scoring domunant lethals including the number of
early and late embryonic deaths

(vii) Dose-response relationship, if applicable

(h) References. The following references should be consulted for ad-
ditional background matenal on this test guideline.

(1) Brewen, JG et al Studies on chemucally induced domunant
lethality I The cytogenetic basis of MMS-induced domunant lethality in
post-melotic germ cells. Muration Research 33.239-250 (1975).

(2) Ehling, UH et al Standard protocol for the dominant lethal test
on male mice Set up by the Work Group Domuinant lethal mutations of
the ad hoc Commuttee Chemogenetics Archives of Toxicology 39:173-185
(1978)
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INTRODUCTION

This guideline 1s one of a series of test guidelines that have been
developed by the Office of Prevention, Pesticides and Toxic Substances,
United States Environmental Protection Agency for use in the testing of
pesucides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmonization that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesucide Programs (OPP) which appeared 1n publications of the
National Techmical Information Service (NTIS) and the guidelines pub-

lished by the Organization for Economuc Cooperation and Development
(OECD)

The purpose of harmonizing these guidelines into a single set of
OPPTS guidelines 1s to munimize vanations among the testing procedures
that must be performed to meet the data requirements of the U S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U S C. 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(TUSC 136, et seq )

Final Guideline Release: This guideline 1s available from the U.S
Government Printing Office, Washington, DC 20402 on disks or paper
copies call (202) 5120132 This guideline 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http //www epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Scienusts/Test Methods and Guidelines/OPPTS Harmonized Test
Guidelines *’



OPPTS 870 5460 Rodent heritable translocation assays.
(a) Scope—(1) Apphicability. This guideline 1s intended to meet test-
ing requirements of both the Federal Insecticide, Fungicide, and

Rodenticide Act (FIFRA) (7 U S C 136, er seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source materials used 1n developing this har-
monized OPPTS test guideline are OPPT 40 CFR 798 5460 Rodent hen-
table translocation assays and OECD guideline 485 Geneuc Toxicology
Mouse Hentable Translocation Assay

(b) Purpose. This test detects transmitted chromosomal damage
which manifests as balanced reciprocal translocations 1n progeny de-
scended from parental males treated with chemical mutagens.

(c) Definitions. The defimitions 1n section 3 of TSCA and 1n 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to thts test
guideline The following definitions also apply to this test gurdeline

Duakinesis and metaphase 1 are stages of meiotic prophase scored
cytologically for the presence of multivalent chromosome association char-
actenstic of translocation carriers

Henitable transiocation 1s one in which distal segments of non-
homologous chromosomes are involved 1n a reciprocal exchange.

(d) Test method—(1) Principle. When a balanced reciprocal
translocation 1s induced 1n a parental male germ cell, the resulting progeny
1s transiocation heterozygote

(1) Basis for fertility screening. Male translocation heterozygotes
may be completely sterile This class consists of two types of
translocations

(A) Translocations between non-homologous chromosomes 1n which
at least one of the breaks occurs close to one end of a chromosome.

(B) Those that carry multiple translocations The majonty of male
translocation heterozygotes are semustenile—they carry one or (rarely) two
translocations The degree of semustenlity 1s dependent upon the propor-
tions of balanced and unbalanced (duplication-deficiency) gametes pro-
duced in the ejaculate as a function of meiotic segregation Balanced and
unbalanced sperm are equally capable of ferulizing an egg. Balanced
sperm lead to viable progeny Unbalanced sperm result 1n early embryonic
lethality.

(1) Basis for cytological screening. The great majonty of male
translocation heterozygotes can be identified cytologically through analysis
of diakinesis metaphase I spermatocytes Translocation heterozygotes are
charactenized by the presence of multivalent chromosome association such
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as a ning or chamn of four chromosomes held together by chiasmata in
paired homologous regtons Some translocation carriers can be identified
by the presence of extra long and/or extra short chromosomes in
spermatogonial and somatic cell metaphase preparations

(2) Description. Essentially, two methods have been used to screen
for translocation heterozygosity—one method uses a mating sequence to
identify stertle and semusterile males followed by cytological examination
of suspect male individuals, the other method deletes the mating sequence
altogether and all Fy male progeny are examuned cytologically for presence
of translocation In the former approach, the mating sequence serves as
a screen which eliminates most fully fertile ammals for cytological con-
firmation as transiocation heterozygotes

(3) Animal selection—(1) Species. The mouse 1s the species generally
used and 1s recommended

(1) Age. Healthy sexually mature animals should be used

(11) Number. The number of male animals necessary 1s determined
by the following factors

(A) The use of either historical or concurrent controls
(B) The power of the test

(C) The munimal rate of induction required

(D) Whether positive controls are used

(E) The level of significance desired

(iv) Assignment to groups. Ammals should be randonuzed and as-
signed to treatment and control groups

(4) Control groups—1) Concurrent controls. No concurrent posi-
tive or negative (vehicle) controls are recommended as routine parts of
the hentable translocation assay However, investigators not expenenced
in performing translocation testing should include a substance known to

produce translocations 1n the assay as a positive control reference chem-
cal.

(1i) Historical controls. At the present time, histonical control data
must be used 1n tests for significance When statistically rehable histoncal
controls are not available, negative (vehicle) controls should be used

(5) Test chemicals—(1) Vehicle. When appropnate for the route of
admunistration, solid and hiquid test substances should be dissolved or sus-
pended in distilled water or 1sotonic saline Water-insoluble chemicals may
be dissolved or suspended 1n appropnate vehicles The vehicle used should
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neither interfere with the test chemical nor produce toxic effects Fresh
preparations of the test chemucal should be employed

(1) Dose levels At least two dose levels should be used The highest
dose level should result 1n toxic effects (which should not produce an inci-
dence of fataliies which would prevent a meanmingful evaluatuon) or should
be the highest dose attamnable or 5 g/kg body weight

(1) Route of administration. Acceptable routes of administration
include oral, inhalation, admuxture with food or water, and IP or IV njec-
ion

(e) Test performance—(1) Treatment and mating. The animals
should be dosed with the test substances 7 days per week over a period
of 35 days After treatment, each male should be caged with two untreated
females for a period of 1 week At the end of 1 week, females should
be separated from males and caged individually. When females give birth,
the day of birth, litter size, and sex of progeny should be recorded All
male progeny should be weaned, and all female progeny should be dis-
carded

(2) Testing for translocation heterozygosity. When males are sexu-
ally mature, testing for translocation heterozygosity should begin One of
two methods should be used, the first method involves mating, determining
those F; progeny which are sterile or semustenle and subsequent
cytological analysis of suspect progeny, the other method does not involve
mattng and determuning sterility or semstenlity, all progeny are examined
cytologically.

(1) Determination of sterility or semisterility—(A) Conventional
method. Females are mated, usually three females for each male, and each
female 1s killed at mudpregnancy. Living and dead implantations are count-
ed. Cntena for determining normal and semusterile males are usually estab-
lished for each new strain because the number of dead implantations vanes
considerably among strains

(B) Sequential method. Males to be tested are caged individually
with females and the majority of the presumably normal males are 1denti-
fied on the basis of a predetermuned size of one or two litters Breeding
pens are examuned dally on weekdays beginning 18 days after paining
Young are discarded immediately after they are scored Males that sire
a htter whose size 1s the same as or greater than the munimum set for
a translocation-free condition are discarded with thewr litter. If the litter
size 1s smaller than the predetermined number, a second litter 1s produced
with the same rule applying Males that cannot be classified as normal
after production of a second litter are tested further by the conventional
method or by cytological confirmation of translocation
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(1) Cytological analysis. For cytological analysis of suspected
sermustenles, the air-dryving technique 1s used Observation of at least two
diakinesis-metaphase 1 cells with mutivalent association constitutes the re-
quired evidence for the presence of a translocation Sterile males are exam-
ined by one of two methods, those with testes of normal size and sperm
in the epididymus are examined by the same techniques used for
semusteriles Ammals with small testes are examined by squash prepara-
tions or, alternatively, by examination of mitotic metaphase preparations
If squash preparations do not yield diakinesis-metaphase 1 cells, analysis
of spermatogonia or bone marrow for the presence of unusually long or
short chromosomes should be performed

(f) Data and report—(1) Treatment of results. (1) Data should be
presented in tabular form and should include the number of amimals at
risk, the germ cell stage treated, the number of partial stenles and
senusteriles (if the fertility test i1s used), the number of cytogenetically
confirmed translocation heterozygotes (if the fertility test 1s used, report
the number of confirmed steriles and confirmed partial stenles), the
translocation rate, and either the standard error of the rate or the upper
95 percent confidence lumit on the rate

(1) These data should be presented for both treated and control
groups Historical or concurrent controls should be specified, as well as
the randomuization procedure used for concurrent controls

(2) Statistical evaluation. Data should be evaluated by approprnate
statistical methods

(3) Interpretation of results. (1) There are several critenia for deter-
muning a positive result, one of which 1s a statisucally significant dose-
related increase in the number of hentable translocations Another cnitenion
may be based upon detection of a reproducible and statistically significant
positive response for at least one of the test points

(11) A test substance which does not produce either a statistically sig-
mificant dose-related increase in the number of hentable translocations or
a statistically significant and reproducible posiive response at any one of
the test points 1s considered nonmutagenic 1n this system.

(11i) Both biological and statistical significance should be considered
together 1n the evaluation

(4) Test evaluation. (1) Positive results in the hentable translocation
assay indicate that under the test conditions the test substance causes heri-
table chromosomal damage 1n the test spectes

(i1) Negative results indicate that under the test conditions the test
substance does not cause hentable chromosomal damage 1n the test spe-
cies

w
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(5) Test report. In addition to the reporung iecommendations as
spectfied under 40 CFR part 792 subpart J, the following specific informa-
tion should be reported

(1) Species, strain, age, weight, and number of animals of each sex
in each group

(11) Test chemical vehicle, route and schedule of admunistration, and
toaicity data

(i) Dosing regimen, doses tested, and rattonale for dosage selection.
(1v) Mating schedule and number of females mated to each male
{v) The use of historical or concurrent controls

(v1) Screening procedure including the decision critena used and the
method by which they were determuned

(vi1) Dose-response relationship, 1f applicable

(g) References. The following references should be consulted for ad-
ditional background matenal on this test guideline

(1) Generoso, WM et al Hentable translocation test in mice Muta-
tion Research 76 191-215 (1980)

(2) [Reserved]



S EPA

United States Prevention Pesticides EPA 712-C-98-229
Environmental Protection and Toxic Substances August 1998

Agency {7101)

Health Effects Test
Guidelines

OPPTS 870.5500

Bacterial DNA Damage

or Repair Tests




INTRODUCTION

This guideline 1s one of a senies of test guidelines that have been
developed by the Office of Prevention, Pesticides and Toxic Substances,
United States Environmental Protection Agency for use in the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmomization that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesucide Programs (OPP) which appeared in publications of the
National Technical Information Service (NTIS) and the guidelines pub-

lished by the Orgamization for Economuc Cooperation and Development
(OECD)

The purpose of harmonizing these guidelines into a single set of
OPPTS guidelines ts to minimize vanations among the tesung procedures
that must be performed to meet the data requirements of the U S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U S C 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(TUS.C 136, et seq )

Final Guideline Release: This gutdeline 1s available from the U S
Go zrnment Pnnting Office, Washington, DC 20402 on disks or paper
copies call (202) 512-0132 This gumdeline 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http //www epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmonized Test
Guidelines.”’



OPPTS 870.5500 Bacterial DNA damage or repair tests.

(a) Scope—(1) Applicability. This guideline 1s intended to meet test-
ing requirements of both the Federal Insecucide, Fungicide, and
Rodenticide Act (FIFRA) (7 U S C 136, er seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used in developing this har-
monized OPPTS test guidehne are OPPT 40 CFR 798 5500 Daifferential
growth nhibition of repair proficient and repair deficient bacteria® Bac-
terial DNA damage or repair tests and OPP guideline 84-2 Mutagenicity
Testing (Pestictde Assessment Guidelines, Subdivision F—Hazard Evalua-
tion, Human and Domestic Amimals) EPA report 540/09-82-025, 1982

(b) Purpose Bactenal DNA damage or repair tests measure DNA
damage which 1s expressed as differential cell killing or growth inhibition
of repair deficient bactena in a set of repair proficient and deficient strains.
These tests do not measure mutagenic events per se. They are used as
an indication of the interaction of a chemucal with genetic matenal imply-
ing the potential for genotoxicity Tests for differential growth inhibition
of repair proficient and repair deficient bactena measure differences n
chemucally induced cell killing between wild-type strains with full repair
capacity and mutant strains deficient in one or more of the enzymes which
govern repatr of damaged DNA

(c) Reference substances These may include, but need not be limited
to, chloramphenicol or methyl methanesulfonate

(d) Test method—(1) Principle. The tests detect agents that interact
with cellular DNA to produce growth inhubition or killing. This interaction
1s recognized by specific cellular repair systems. The assays are based
upon the use of pawred bactenal strains that differ by the presence of ab-
sence of specific DNA repair genes The response 1s expressed in the pref-
erential inhibition of growth or the preferential killing of the DNA repair
deficient strain since 1t 1s incapable of removing certain chemical lesions
from 1ts DNA

(2) Description Several methods for performung the test have been
descnbed Those descnibed here are

(1) Tests performed on sohid medtum (diffusion tests)
(11) Tests performed i hiquid culture (suspension tests)

(3) Strain selection—(1) Designation. At the present tume,
Escherichia coli polA (W3110/p3478) or Bacillus subtilis rec (H17/M45)
pairs are recommended. Other pairs may be utithized when appropnate

(1) Preparation and storage Stock culture preparation and storage,
growth requirements, method of strain identification, and demonstration
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of appropriate phenotypic requirements should be performed using good
miucrobiological techniques and should be documented

(4) Bacterial growth Good microbiological techniques should be
used to grow fresh cultures of bacteria The phase of growth and cell den-
sity should be documented and should be adequate for the experimental
design

(5) Metabolic activation Bactena should be exposed to the test sub-
stance both 1n the presence and absence of an appropnate metabolic activa-
tion system The most commonly used system 1s a cofactor supplemented
postmutochondnal fraction prepared from the livers of rodents treated with
enzyme inducing agents The use of other species, tissues, or techniques
may also be appropriate

(6) Control groups—(1) Concurrent controls. Concurrent positive,
negative, and vehicle controls should be included 1n each assay

(1) Negative controls The negative control should show nonpref-
erential growth inhibition (1e, should affect both strains equally) Chlor-
amphenicol 1s an example of a negative control

(11) Genotype specific controls Examples of genotype specific posi-
tive controls are methyl methanesulfonate for po/A stramns and mitomycin
C for rec strains

(1v) Positive controls to ensure the efficacy of the activation sys-
tem. The positive control reference substance for tests including a meta-
bolic activation system should be selected on the basis of the type of acti-
vation system used 1n the test

(v) Other positive controls Other positive control reference sub-
stances may be used

(e) Test chemicals—(1) Vehicle Test chemicals and positive and
negative control reference substances should be dissolved in an appropnate
vehicle and then further diluted 1n vehicle for use 1n the assay

(2) Exposure concentrations The test should imuially be performed
over a broad range of concentrations Among the criteria to be taken into
consideration for determuning the upper limts of test chemical concentra-
tion are cytotoxicity and solubility Cytotoxicity of the test chemical may
be altered 1n the presence of metabolic activation systems. For freely solu-
ble nontoxic chemucals, the upper test chemical concentration should be
determuned on a case by case basis Because results are expressed as diam-
eters of zones of growth inhibition in the diffusion test, it 1s most important
that the amounts of chemucal on the disc (or in the wells) are exact rep-
licates When appropnate, a positive response should be confirmed by test-
ing over a narrow range of concentrations
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(f) Test performance—(1) Diffusion assay —(1) Disc diffusion as-
says. Disc diffusion assays may be performed 1n two ways

(A) A single strain of bacterta may be added to an agar overlay or
spread on the surface of the agar and the test chemical placed on a falter
disc on the surface of the agar

(B) DNA repair proficient and DNA repair deficient bactena may
be streaked in a line on the surface of the agar of the same plate and
a disc saturated with test chemucal placed on the surface of the agar in
contact with the streaks

(i1) Well diffusion assays. In well diffusion assays, bacteria may be
either added to the agar overlay or spread onto the surface of the agar
A solution of the test chemical 1s then placed into a well in the agar

(2) Suspension assays. (1) A bactenal suspension may be exposed
to the test chemucal and the number of surviving bacterta determuned (as
colony-forming units) etther as a function of tume of treatment or as a
function of the concentration of test agent

(1) Nonturbid suspensions of bacteria may be exposed to senal dilu-
tions of the test agent and a munimal inhibitory concentration for each
strain determined, as evidenced by the presence or absence of visible
growth after a pennod of incubation

(m1) Pared bactenal suspensions (usually with some initial turbidity)
may be treated with a single dose of the chemucal Positive results are
indicated by a differential inhibition 1n the rate of increase of turbidity
of the paired cultures.

(3) Number of cultures. When using a plate diffuston procedure,
at least two independent plates should be used at each dilutton In liquid
suspension assays, at least two independent specimens for determination
of the number of viable cells should be plated

(4) Incubation conditions. All plates in a given test should be incu-
bated for the same time pertod This incubation period should be for 18
to 24 hours at 37 °C

(2) Data and report—(1) Treatment of results—(1) Diffusion as-
says. Results should be expressed 1n diameters of zones of growth inhibi-
tion 1n mullimeters or as areas denved therefrom as square mullimeters.
Dose-response data, if available, should be presented using the same units

(n) Liquid suspension assays. (A) Survival data can be presented
as dose responses, preferably as percentage of survivors or fractional sur-
vival of each strain or as a relative survival (ratio) of the two strains
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(B) Results can also be expressed as the concentrations required to
effect a predetermuned survival rate (e g . D3s, the dose permutting 37 per-
cent survival) These data are denved from the survival curve The con-
centration should be expressed as weight per volume, as moles. or as mo-
larity

(C) Simularly, results can be expressed as rmunimal nhibitory con-
centration or as minimal lethal dose The former 1s determuned by the ab-
sence of visible growth 1n liqud medium and the latter 1s determuned by
plating dilutions onto semusolid media

(m) In all tests, concentrations must be given as the final concentra-
tions dunng the treatment Raw data, prior to transformation, should be
provided These should include actual quantities measured, e.g , neat num-
bers. For measurement of diffusion, the diameters of the discs and/or well
should be indicated and the measurements should indicate whether the di-
ameter of the discs and/or well was subtracted Moreover, mention should
be made as to whether the test chemucal gave a sharp, diffuse, or double-
zone of growth inhibition. If 1t 1s the latter, the investigator should indicate
whether the inner or the outer zone was measured

(1v) Viability data should be given as the actual plate counts with
an indication of the dilution used and the volume plated or as denived
titers (cells per muliliter) Transformed data alone in the absence of expen-
mental data are not acceptable (1 e, ratos, differences, survival fraction)

(2) Statistical evaluation. Data should be evaluated by appropnate
statistical methods

(3) Interpretation of results. (1) There are several critena for deter-
muning a positive result, one of which 1s a statistically significant dose-
related preferential inhibition or killing of the repair deficient strain. An-
other cnterion may be based upon detection of a reproductble and staus-
tically significant positive response for at least one of the test ponts.

(1) A test substance which does not produce either a statistically sig-
nificant dose-related preferential inhibition or killing of the repair deficient
strain or a statstically significant and reproducible positive response at
any one of the test points 1s considered not to interact with the genetic
matenal of the organisms used 1n assay

(m1) Both brological and statistical significance should be considered
together 1n the evaluation

(4) Test evaluation. DNA damage tests in bacteria do not measure
DNA repair per se nor do they measure mutations. They measure DNA
damage which 1s expressed as cell killing or growth tnhibitton. A positive
result in a DNA damage test in the absence of a positive result in another
system 1s difficult to evaluate 1n the absence of a better data base
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(5) Test report. In addition to the reporting recommendations as
specified under 40 CFR part 792, subpart J the following specific informa-
tion should be reported

(1) Bactenal stramns used
(1) Phase of bactenal cell growth at ime of use 1n the assay
(1) Media composition

(1v) Details of both the protocol used to prepare the metabolic activa-
tion system and 1ts use 1n the assay

(v) Treatment protocol, including doses used and rationale for dose
selection, positive and negative controls

(v1) Method used for determunation of degree of cell kill
(vn) Dose-response relationship, if applicable

(g) References. The following references should be consulted for ad-
ditional background matenal on this test guideline.

(1) Ames, B N et al Methods for detecting carcinogens and mutagens
with the Salmonella/mammalian-microsome mutagenicity test Mutation
Research 31.347-364 (1975)

(2) Kada, T et al In vitro and host-mediated rec-assay procedures
for screening chemucal mutagens, and phloxine, a mutagenic red dye de-
tected Mutation Research 16 165-174 (1972)

(3) Letfer, Z et al An evaluation of bactenal DNA repair tests for
predicting genotoxicity and carcinogenicity A report of the U S. EPA’s
Gene-Tox Program Mutanion Research 87 211-297 (1981)

(4) Slater, EE et al Rapid detection of mutagens and carcinogens.
Cancer Research 31 970-973 (1971)
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INTRODUCTION

This guideline 1s one of a senies of test guidelines that have been
developed by the Office of Prevention. Pestictdes and Toxic Substances
United States Environmental Protection Agency for use in the testing of
pestictdes and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this gmdeline through a process of harmonization that
blended the testing guidance and requirements that existed tn the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
National Technical Information Service (NTIS) and the guidelines pub-
lished by the Organization for Economic Cooperation and Development
(OECD)

The purpose of harmonizing these guidelines into a single set of
OPPTS guidelines 1s to nunimuze vartations among the testing procedures
that must be performed to meet the data requirements of the U. S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U.S C. 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(TUSC. 136, et seq.)

Final Guideline Release: This gmdeline 1s available from the U S
Government Printing Office, Washington, DC 20402 on disks or paper
copies call (202) 512-0132 This guideline 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http //www epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmomized Test
Guidelines ”’



OPPTS 870.5550 Unscheduled DNA synthesis in mammalian cells in
culture.

(a) Scope—(1) Applicability. This guideline is intended to meet test-
ing requirements of both the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) (7 U S C 136, er seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used in developing this har-
monized OPPTS test guideline are OPPT 40 CFR 798 5550 Unscheduled
DNA synthesis 1n mammalian cells 1n culture and OECD guidehine 482
Genetic Toxicology DNA Damage and Repair, Unscheduled DNA Syn-
thesis in Mammalan Cells 1n Vitro

(b) Purpose. Unscheduled DNA synthesis (UDS) 1n mammalian cells
in culture measures the repair of DNA damage induced by a vanety of
agents including chemicals, radiatton and viruses UDS may be measured
1n both iz vitro and in vivo systems

(c) Definition. The definitions 1n section 3 of TSCA and in 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guideline The following definition also applies to this test guideline

Unscheduled DNA synthesis in mammalian cells tn culture 1s the m-
corporation of trnitium-labeled thymudine (3H-TdR) 1nto the DNA of cells
which are not 1n the S phase of the cell cycle

(d) Reference substances. These may include, but need not be lim-
ited to, 7,12-dimethylbenzanthracene, 2-acetylaminofluorene, 4-
nitroquinoline oxide or N-dimethylnitrosamune

(e) Test method—(1) Principle. Mammalian cells i culture, either
pnmary cultures of rodent hepatocytes or established cell lines, are ex-
posed to the test agent. Established cell lines are treated both with and
without metabolic activation UDS 1s measured by the uptake of 3H-TdR
into the DNA of non-S phase cells. Uptake may be determuned by
autoradiography or by hiquid scinullaion counting (LSC) of DNA from
treated cells

(2) Description—(1) Autoradiography. For autoradiography,
coverslip cultures of cells are exposed to test chemucal 1n medium contain-
ing 3H-TdR. At the end of the treatment penod, cells are fixed, dipped
1n autoradiographic emulsion, and exposed at 4 °C At the end of the expo-
sure period, cells are stained and labeled nucle: are counted either manu-
ally or with an electronic counter Established cell lines should be treated
both with and without metabolic activation,

(i1) LSC determinations For L.SC determunations of UDS, confluent
cultures of cells are treated with test chemical both with and without meta-
bolic activation At the end of the exposure period, DNA 1s extracted from

1



the treated cells Total DNA content 1s determuned and extent of 3H-TdR
incorporation 1s determuned by scintillation counting

(3) Cells—(1) Type of cells used in the assay. (A) A variety of cell
lines or pnmary cell cultures, including human cells, may be used 1n the
assay

(B) Established cell hines should be checked for Mycoplasma contami-
nation and may be periodically checked for karyotype stability

(n) Cell growth and maintenance Appropnate culture media and
incubation conditions (culture vessels CO2 concentration), temperature,
and humudity should be used

(4) Metabolic activation (1) A metabolic activation system 1s not
used with primary cultures of rodent hepatocytes

() Established cell lines should be exposed to test substance both
in the presence and absence of an appropnate metabolic activation system

(5) Control groups Concurrent positive and negative (untreated and/
or vehicle) controls both with and without metabolic activation as appro-
priate should be included in each experiment

(6) Test chemicals—(1) Vehicle. Test chemucals and positive control
reference substances may be prepared in culture media or dissolved or
suspended 1n appropriate vehicles prior to treatment of the cells Final con-
centration of the vehicle should not interfere with cell viability or growth
rate

(1) Exposure concentrations Multiple concentrations of test sub-
stance, based upon cytotoxicity and over a range adequate to define the
response, should be used For cytotoxic chemucals, the first dose to elicit
a cytotoxic response in a prelumnary assay should be the highest dose
tested Relatively insoluble compounds should be tested up to the limits
of solubility For freely soluble nontoxic chemucals, the upper test chemucal
concentration should be determined on a case by case basis

(f) Test performance—(1) Primary cultures of rodent hepatocytes.
Freshly 1solated rodent hepatocytes should be treated with chemical in me-
dium containing 3H-TdR At the end of the treatment peniod, cells should
be drained of medium, nnsed, fixed, dned, and attached to microscope
shides Shdes should be dipped in autoradiographic emulsion, exposed at
4 °C for an appropnate length of time, developed, stained, and counted

(2) Established cell lines—(1) Autoradiographic techniques. The
techniques for treatment of estabhished cell lines are the same as those
for pnmary cultures of rodent hepatocytes except that cells must not enter
S phase prior to treatment Entry of cells into S phase may be blocked
by several methods (¢ g, by growth in medium deficient in arginine or
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low 1n serum or by treatment with chermucal agents such as hydroxyurea)
Tests should be done both in the presence and absence of a metabolic
activation system

(n) LSC measurement of UDS Prior to treatment with test agent,
entry of cells into S phase should be blocked as described in paragraph
(H(2)(1) of this guideline Cells should be exposed to the test chemucal
in medium containing 3H-TdR At the end of the incubation period, DNA
should be extracted from the cells by hydrolysis with perchloroacetic acid
or by other acceptable methods One ahiquot of DNA 1s used to determine
total DNA content, a second aliquot 1s used to measure the extent of 3H-
TdR 1ncorporation

(3) Acceptable background frequencies—(1) Autoradiographic de-
termmnations Net incorporation of 3H-TdR into the nucleus of solvent
treated control cultures should be less than 1

(1) LSC determinations Histonical background incorporation rates
of 3H-TdR into untreated established cell lines should be established for
each laboratory

(4) Number of cells counted A munimum of 50 cells per culture
should be counted for autoradiographic UDS determmunations. Shdes should
be coded before being counted Several widely separated random fields
should be counted on each shde Cytoplasm adjacent to the nuclear areas
should be counted to determune spontaneous background.

(5) Number of cultures Six independent cultures at each concentra-
tion and control should be used 1n LSC UDS determunations

(g) Data and report—(1) Treatment of results—()
Autoradiographic determinations. For autoradiographic determinations,
once untransformed data are recorded, background counts should be sub-
tracted to give the correct nuclear grain count Values should be reported
as net grains per nucleus Mean, median, and mode may be used to de-
scnbe the distntbution of net grains per nucleus

(1) LSC determinations For LSC determunations, 3H-TdR tncorpo-
ration should be reported as disintegrations per munute per mucrogram of
DNA. Average disintegrations per munute per microgram of DNA with
standard deviation or standard error of the mean may be used to descnbe
distribution of incorporation in these studies

(2) Statistical evaluation Data should be evaluated by appropriate
statistical methods.

(3) Interpretation of results. (1) There are several cntenia for deter-
mining a positive result, one of which 1s a statistically significant dose-
related increase in the incorporation of 3H-TdR 1nto treated celis. Another
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criterion may be based upon detection of a reproducible and stausucally
sigmficant positive response for a least one of the test points

(1) A test substance which does not produce erther a statistically sig-
nificant dose-related increase 1n the incorporation of 3H-TdR into treated
cells or a statistically significant and reproducible positive response at any
one of the test points 1s considered not to induce UDS n the test system

(1) Both biological and statistical significance should be considered
together 1n the evaluation

(4) Test evaluation. (1) Positive results 1n the UDS assay indicate
that under the test conditions the test substance may induce DNA damage
in cultured mammalian somatic cells

(1) Negative results indicate that under the test conditions the test
substance does not induce DNA damage 1n cultured mammalian somatic
cells.

(5) Test report. In addition to the reporting recommendations as
specified under 40 CFR part 792, subpart J, the following specific informa-
tion should be reported

(1) Cells used, density and passage number at time of treatment, num-
ber of cell cultures

(1) Methods used for maintenance of cell cultures including medium,
temperature, and CO> concentration

(1n) Test chemucal vehicle, concentration, and rationale for selection
of concentrations used 1n the assay

(1v) Details of both the protocol used preparation of the metabolic
activation system and 1its use 1n the assay.

(v) Treatment protocol

(vi) Positive and negative controls

(vn) Protocol used for autoradiography

(viri) Details of the method used to block entry of cells into S phase.

(1x) Details of the methods used for DNA extraction and determina-
tion of total DNA content in LSC determinations

(x) Histonical background incorporation rates of 3H-TdR 1n untreated
cell lines

(x1) Dose-response relationship, if applicable
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(h) References. The following references should be consulted for ad-
ditional background material on this test guideline

(1) Ames, B N et al Methods for detecting carcinogens and mutagens
with the Salmonella/mammalian-microsome mutagenicity test Mutation
Research 31 347-364 (1975)

(2) Rasmussen, RE and Painter, RB Radiation-stimulated DNA
synthests 1n cultured mammahian cells Journal of Cell Biology 29 11-19
(1966)

(3) Such, HF et al DNA fragmentation and DNA repair as an in
vitro and 1n vivo assay for chemical procarcinogens, carcinogens and car-
cinogenic nrtrosation products, Screening tests in chemical carcinogenests
Eds Bartsch, H, Tomaus, L IARC Scientific, Lyon, No 12 (1976) pp
617-636

(4) Willlams, GM Carcinogen-induced DNA repair in pnmary rat
liver cell cultures a possible screen for chemucal carctnogens Cancer Let-
ters 1 231-236 (1976)

(5) Willhlams, G M Detection of chemcal carcinogens by unsched-
uled DNA synthesis 1n rat liver pnmary cell cultures Cancer Research
37 1845-1851 (1977)
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INTRODUCTION

This guideline 15 one of a series of test guidelines that have been
developed by the Office of Prevention, Pesucides and Toxic Substances,
United States Environmental Protection Agency for use 1n the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesucides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmomzation that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
National Technical Information Service (NTIS) and the guidelines pub-
lished by the Orgamization for Economuc Cooperation and Development
(OECD)

The purpose of harmomzing these guidelines into a single set of
OPPTS guidelines 1s to minimuze vanations among the testing procedures
that must be performed to meet the data requirements of the U S. Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U S C. 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7TUS C 136, et seq )

Final Guideline Release: This guidehne 1s available from the U S
Government Printing Office, Washington, DC 20402 on disks or paper
copies call (202) 512-0132 This gmdeline 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http //www.epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmonized Test
Guidelines *’



OPPTS 870.5575 Mitotic gene conversion in Saccharomyces
cerevisiae.

(a) Scope—(1) Applicability This guidehne 1s intended to meet test-
ing requirements of both the Federal Insecticide, Fungicide, and
Rodentcide Act (FIFRA) (7 U S C 136, er seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used in developing thus har-
monized OPPTS test guideline are OPPT 40 CFR 798.5575 Mitouc gene
gene conversion 1n Saccharomyces cerevisiae and OPP 84-2 Mutagenicity
Testing (Pesticide Assessment Guidelines, Subdivision F—Hazard Evalua-
tion, Human and Domestic Amimals) EPA report 540/09-82-025, 1982

(b) Purpose. The mutotic gene conversion assay tn the yeast,
Saccharomyces cerevisiae (S cerevisiae), measures the conversion of dif-
ferentially inacuve alleles to wild-type alleles by mutagenic agents
Heteroallelic diploid yeast strains carry two different inactive alleles of
the same gene locus The presence of these alleles causes a nutritional
requirement, e g , these heteroallelic diploids grow only in medium supple-
mented with a specific nutnient such as tryptophan When gene conversion
occurs, a fully active wild-type phenotype 1s produced from these mactive
alleles through intragenic recombination These wild-type colomes grow
on a medium lacking the specific nutntional requirement (selective me-
dium)

(c) Defimtions. The definitions 1n section 3 of TSCA and 1n 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guideline The following definitions also apply to this test guideline.

Heteroallelic diploids are diploid strains of yeast carrying two dif-
ferent, inactive alleles of the same gene locus causing a nutntional require-
ment

Mitotic gene converston 1s detected by the change of inactive aileles
of the same gene to wild-type alleles through intragenic recombination
1n mutotic cells

(d) Reference substances. These may include, but need not be lim-
ited to, hydrazine sulfate or 2-acetylaminofluorene

(e) Test method—(1) Principle. The method 1s based on the fact
that heteroallelic diploid yeast strains carry two inactive alleles of the same
gene locus making them dependent on a specific nutritional requirement
(e g., tryptophan) for their survival Treatment of such strains with muta-
genic agents can cause conversion of these alleles back to the wild-type
condition which allows growth on a medium lacking the required nutnient
(selective medium)



(2) Description. Heteroallelic diploid strains such as D7, requining
a specific nutrient in the medium are treated with test chemical with and
without metabolic activation and plated on a selective medium lacking the
required nutnent The wild-type colomes that grow on the selective me-
dium as a result of gene conversion are scored

(3) Stramn selection—(1) Designation. At the present time, S
cerevisiae strain D7 1s recommended for use in this assay The use of
other strains may also be appropnate

(n) Preparation and storage. Stock culture preparation and storage,
growth requirements, method of strain identification and demonstration of
appropnate phenotypic requirements should be performed using good
microbiological techniques and should be documented

(1) Media. YEP glucose medium enriched with the appropnate
growth factors may be used for cell growth and maintenance Other media
may also be appropnate

(4) Selection of cultures. Cells should be grown with aeration 1n lig-
uid medwum enniched with growth factors to early stationary phase Cells
should then be seeded on selective medium to determune the rate of sponta-
neous conversion Cultures with a high rate of spontaneous conversion
should be discarded

(5) Metabolic activation. Cells should be exposed to test chemcal
both in the presence and absence of an appropnate metabolic activation
system.

(6) Control groups. Concurrent positive and negative (untreated and/
or vehicle) controls both with and without metabolic activation should be
included 1n each expernument

(7) Test chemicals—(1) Vehicle. Test chemicals and positive control
reference substances should be dissolved in an appropnate vehicle and then
further diluted 1n vehicle for use in the assay. Dimethyisulfoxide should
be avoided as a vehicle

(1) Exposure concentrations. (A) The test should imtially be per-
formed over a broad range of concentrations. Among the criteria to be
taken into consideration for determuning the upper limits of test chemical
concentration are cytotoxicity and solubility Cytotoxicity of the test chem-
ical may be altered in the presence of metabolic activation systems For
cytotoxic chemucals, the highest dose tested should not reduce survival
to less than 10 percent of that seen 1n the untreated control cultures. Rel-
atively insoluble chemucals should be tested up to the limts of solubility
For freely soluble nontoxic chemucals, the upper test chemical concentra-
tion should be determuned on a case-by-case basis
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(B) When appropriate, a positive response should be confirmed by
using a narrow range of concentrations

(f) Test performance—(1) Treatment. Cultures should be treated
in hiquid suspension Resting cells should be treated 1n buffer, growing
cells should be treated 1n a synthetic medium Cultures with low sponta-
neous convertant frequencies should be centnfuged, washed and resus-
pended 1n liquid at the appropnate density Cells should be exposed to
test chemucal both 1n the presence and absence of a metabolic activation
system Independent tubes should be treated for each concentration At
the end of the treatment period, cells should be centnfuged, washed and
resuspended 1n disulled water pnor to plaung on selecuve medium for
convertant selection and on complete medium to deterrmune survival At
the end of the incubation penod, plates should be scored for survival and
the presence of convertant colonies

(2) Number of cultures. At least six individual plates per treatment
concentration and control should be used

(3) Incubation conditions. All plates 1n a given expenment should
be incubated for the same time period This incubation period may be
from 4 to 6 days at 28 °C

(g) Data and report—(1) Treatment of results. Individual plate
counts for test substance and control should be presented for both
convertants and survivors The mean number of colonies per plate and
standard deviation should also be presented Data should be presented 1n
tabular form indicating numbers of viable and convertant colonies scored,
survival frequency and convertant frequencies for each treatment and con-
trol culture Conversion frequenctes should be expressed as number of
convertants per number of survivors Sufficient deta:l should be provided
for venfication of survival and convertant frequencies

(2) Statistical evaluation. Data should be evaluated by appropnate
statistical methods

(3) Interpretation of results. (1) There are several cniteria for deter-
muning a positive result, one of which 1s a statistically sigmificant dose-
related increase i the number of gene convertants Another criterion may
be based upon detection of a reproductble and statistically significant posi-
tive response for at least one of the test points

(i1) A test substance which does not produce either a statstically sig-
nificant dose-related increase 1n the number of gene conversions or a statis-
tically significant and reproducible positive response at any one of the
test points 1s considered nonmutagenic 1n this system

(m1) Both biological and statistical significance should be considered
together 1n the evaluation



(4) Test evaluation, (1) Positive results 1n this assay indicate that
under the test conditions the test chemical causes mutotic gene conversion
in the yeast S cerevisiae

(1) Negative results indicate that under the test conditions the test
chemucal does not cause mitotic gene conversion 1n S cerevisiae

(5) Test report. In addition to the reporting recommendations as
specified under 40 CFR part 792, subpart J, the following specific informa-
tion should be reported

(1) Strain of organism used 1n the assay

(n) Test chemucal vehicle, doses used, and rationale for dosage selec-
tion

(111) Method used to select cultures

(1v) Treatment protocol including cell density at treatment and length
of exposure to test substance

(v) Details of both the protocol used to prepare the metabolic activa-
tion system and 1ts use 1n the assay

(v1) Incubation times and temperatures
(vn1) Dose-response relationship, 1f applicable

(h) References. The following references should be consulted for ad-
ditional background matenial on this test guideline

(1) Ames, B.N et al Methods for detecting carcinogens and mutagens
with the Salmonella/mammalian-microsome mutagenicity test Mutation
Research 31 347-364 (1975)

(2) Callen, DF and Philpot, RM Cytochrome P—450 and the activa-
tion of promutagens in Saccharomyces cerevisiae Mutation Research

45.309-324 (1975)

(3) Zimmermann, F K Procedures used 1n the induction of mutotic
recombination and mutation n the yeast Saccharomyces cerevisiae. Hand-
book of mutagenicity test procedures Eds Kilby, B.J, Legator, M,
Nicols, W, Ramel, C Elsevier/North Holland Biomedical Press, Amster-
dam (1979) pp. 119-134.

(4) Zummermann, F.K et al A yeast strain for simultaneous detection

of induced mutotic crossing over, mutotic gene conversion and reverse mu-
tation Mutation Research 28-381-388 (1975)
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INTRODUCTION

This guideline ts one of a series of test guidelines that have been
developed by the Office of Prevention, Pesticides and Toxic Substances,
United States Environmental Protecton Agency for use in the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmonization that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared 1n publications of the
National Technical Information Service (NTIS) and the guidelines pub-
lished by the Organization for Economuc Cooperation and Development
(OECD)

The purpose of harmomzing these guidelines into a single set of
OPPTS guidelines 1s to mimmize vanations among the testing procedures
that must be performed to meet the data requirements of the U S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U.S.C. 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7TUSC 136, et seq )

Final Guideline Release: This gumidehne 1s available from the U.S
Government Printing Office, Washington, DC 20402 on disks or paper
copies call (202) 512-0132 This guudeline 1s also available electromcally
in PDF (portable document format) from EPA’s World Wide Web site
(http://www epa.gov/epahome/research htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmonized Test
Gudelines.”’
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OPPTS 870.5900 In vitro sister chromatid exchange assay

(a) Scope—(1) Applicability This guirdeline 1s intended to meet test-
ing requirements of both the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) (7 U S C 136, et seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source matenals used in developing this har-
momzed OPPTS test guideline are OPPT 40 CFR 798 5900 In vitro sister
chromatid exchange assay and OECD 479 Genetic Toxicology. In Vitro
Sister Chromatid Exchange Assay in Mammalian Cells

(b) Purpose. The sister chromatid exchange (SCE) assay detects the
ability of a chemucal to enhance the exchange of DNA between two sister
chromatids of a duplicating chromosome The test may be performed in
vitro, using, for example, rodent or human cells, or in vivo using mammals,
for example, rodents such as muce, rats and hamsters

(c) Definitions The definitions 1n section 3 of TSCA and in 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guideline The following definition also applies to this test guideline

Sister chromatid exchanges are reciprocal interchanges of the two
chromatid arms within a single chromosome These exchanges are visual-
ized during the metaphase portion of the cell cycle and presumably require
enzymatic incision, translocation and ligation of at least two DNA helices.

(d) Test method—(1) Principle. Following exposure of cell cultures
to test chemucals, they are allowed to replicate in the presence of
bromodeoxyuridine (BrdU), followed by treatment with colchicine or
colcemud to arrest cells 1n a metaphase-like stage of mutosis (c-metaphase).
Cells are then harvested and chromosome preparations made Preparations
are stained and metaphase cells analyzed for SCEs

(2) Description. In vitro SCE assays may employ monolayer or sus-
pension cultures of established cell lines, cell strains, or primary cell cul-
tures. Cell cultures are exposed to test chemical and are allowed to rep-
licate in the presence of BrdU Pror to harvest, cells are treated with a
spindle inhibitor (e g, Colchicine or Colcemud®) to accumulate cells 1n
c-metaphase. Chromosome preparations from cells are made, stained, and
analyzed for SCEs

(3) Cells—(1) Type of cells used in the assay. There are a vanety
of cell lines or prnimary cell cultures, including human cells, which may
be used 1n the assay Established cell lines and strains should be checked
for Mycoplasma contamination and may be penodically checked for
karyotype stability



(i) Cell growth and maintenance. Appropriate cultute media and
incubation conditions (culture vessels, temperature, humudity, and CO,
concentration) should be used

(4) Metabohic activation. Cells should be exposed to test chemucal
both 1n the presence and absence of an appropriate metabolic activation
system

(5) Control groups—Concurrent controls. Positive and negative
(untreated and/or vehicle) controls, with and without metabolic activation,
should be included 1n each experiment

(6) Test chemicals—(1) Vehicle. Test substances may be prepared
in culture media or dissolved or suspended in appropnate vehicles prior
to treatment of the cells Final concentration of the vehicle should not
reduce cell viability or growth rate

(1) Exposure concentrations. Multiple concentrations of the test sub-
stance over a range adequate to define the response should be tested
Among the cnitena to be taken 1nto consideration for determining the upper
limuts of test chemucal concentration are cytotoxicity and solubility.
Cytotoxicity of the test substance may be altered in the presence of meta-
bolic activation systems Cytotoxicity may be evidenced by a large (e g,
75 percent) decrease in the number of cells that have divided twice 1n
the presence of BrdU Relatively insoluble substances should be tested
up to the limut of solubihity For freely soluble nontoxic chemucals, the
upper test chemical concentration should be determined on a case by case
basts. When appropnate, a positive response should be confirmed by using
a narrow range of test concentrations

(e) Test performance—(1) Established cell lines and strains. (1)
Prior to use 1n the assay, cells should be generated from stock cultures,
seeded 1n culture vessels at the appropriate density and incubated at
37°C

(n) Cell lines and strains should be treated with test chemical both
with and without metabolic activation when they are in the exponential
stage of growth At the end of the exposure period, cells should be washed
and incubated for two replication cycles in medium containing BrdU After
BrdU 1s added, the cultures should be handled 1n darkness, under ‘‘safe’
(e g . darkroom) lights, or in dim lhight from mncandescent lamps to mun:-
muze photolysis of BrdU containing DNA At the end of the BrdU incuba-
tion period, cells should be fixed and stained for SCE determunation Cul-
tures should be treated with a spindle mhibitor (e.g., colchicine or
Colcemid ®) 2 hours pnior to harvesting

(2) Human lymphocyte cultures. (1) For preparation of human lym-
phocyte cell cultures, heparimized or acid-citrate-dextrose treated whole
blood should be added to culture medium containing a mitogen, e.g,
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phytohemagglutinin (PHA) and incubated at 37 °C Whute cells sedimented
by gravity (buffy coat) or lymphocytes which have been punfied on a
density gradient such as Ficoll-Hypaque may also be utihized

(n) Cells should be exposed to the test chemucal during at last two
ume intervals, e g, Go and S Exposure during the Go phase of the cell
cycle should be accomplished by adding the test substance prior to addition
of mutogen Exposure dunng or after the first S phase may be accom-
phished by exposing cells 24-30 hours after mutosis, under ‘‘safe’” (e g,
darkroom) lights, or in dim Light from incandescent lamps to minimze
photolysis of BrdU containing DNA At the end of the BrdU incubation
peniod, cells should be fixed and stained for SCE determination Cultures
should be treated with a spindle inhibitor (e g., colchicine or Colcemid®)
2 hours pnior to harvesting

(3) Human lymphocyte cultures. (1) For preparation of human lym-
phocyte cell cultures, heparinized or acid-citrate-dextrose treated whole
blood should be added to culture medium contaimng a mitogen, e g,
phytohemagglutinin (PHA) and incubated at 37 °C White cells sedimented
by gravity (buffy coat) or lymphocytes which have been punfied on a
density gradient such as Ficoll-Hypaque may also be utilized

(1) Cells should be exposed to the test chemucal during at least two
time ntervals, e g, Go and S Exposure duning the Go phase of the cell
cycle should be accomplished by adding the test substance prior to addition
of mutogen. Exposure dunng or after the first S phase may be accom-
phished by exposing cells 24-30 hours after mitogen stumulatton After
exposure, cells should be washed and then cultured in the absence of the
chemucal

(4) Culture harvest time. A single harvest ume, one that yields an
optimal percentage of second division metaphases, 15 recommended If
there 1s reason to suspect that this 1s not a representative sampling time
(which may occur for short-lived, cycle specific chemucals), then additional
harvest times should be selected

(5) Staining method. Staining of slides to reveal SCEs can be per-
formed according to any of several protocols However, the fluorescence
plus Giemsa method 1s recommended

(6) Number of cultures. At least two independent cultures should
be used for each experimental point

(7) Analysis. Slides should be coded before analysis The number
of cells to be analyzed should be based upon the spontaneous control fre-
quency and defined sensiivity and the power of the test chosen before
analysis In human lymphocytes, only cells containing 46 centromeres
should be analyzed In established cell lines and strains, only metaphases
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containing £2 centromeres of the modal number should be analyzed Uni-
form criteria for scoring SCEs should be used

(f) Data and report—(l) Treatment of results Data should be pre-
sented 1n tabular form, providing scores for both the number of SCEs for
each metaphase and the number of SCEs per chromosome for each meta-
phase

(2) Statistical evaluation. Data should be evaluated by appropnate
statistical methods.

(3) Interpretation of results. (1) There are several cntena for deter-
mining a positive result, one of which 1s a statistically sigmificant dose-
related increase in the number of sister chromatid exchanges Another cri-
tenon may be based upon detection of a reproducible and statistically sig-
nificant posttive response for at least one of the test substance concentra-
tions

(1) A test substance which produces neither a statistically significant
dose-related increase 1n the number of sister chromatid exchanges nor a
statustically. sigmificant and reproducible positive response at any one of
the test points 15 considered not to induce rearrangements of segments of
DNA 1n this system

(i) Both biological and statistical sigmficance should be considered
together m the evaluation

(4) Test evaluation. (1) Positive results in the in vitro SCE assay
indicate that under the test conditions the test substance induces reciprocal
chromatid interchanges 1n cultured mammalian somatic cells

(1) Negauve results indicate that under the test conditions the test
substance does not induce reciprocal chromatd interchanges in cultured
mammalian somatic cells

(5) Test report. In additton to the reporting recommendations as
specified under 40 CFR part 792, subpart J, the following specific informa-
tion should be reported.

(1) Cells used, density at ume of treatment, number of cell cultures.

(1) Methods used for maintenance of cell cultures including medium,
temperature, and CO; concentration

(m) Test chemical vehicle, concentration and rationale for the selec-
tion of the concentrations of test chemucal used in the assay, duration of
treatment

(1v) Details of both the protocol used preparation of the metabolic
activation system and 1ts use 1n the assay
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(v) Growth pertod 1n BrdU, 1dentity of spiwndle inhibitor, 1ts concentra-
tion and duration of treatment

(vi) Time of cell harvest

(vnn) Positive and negative controls

(vin) Method used to prepare shides for SCE determunation
(1x) Cntena for scoring SCEs

(x) Details of the protocol used for growth and treatment of human
cells if used 1n the assay

{(x1) Dose-response relatonship, if applicable

(g) References. The following references should be consuited for ad-
ditional background matenal on this test guideline

(1) Latt, S A et al Sister chromatid exchanges a report of the U.S
EPA’s Gene-Tox Program Mutation Research 87 17-62 (1981)

(2) [Reserved]
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INTRODUCTION

This guideline is one of a series of test guidelines that have been
developed by the Office of Prevention Pesucides and Toxic Substances,
United States Environmental Protection Agency for use in the testing of
pesticides and toxic substances, and the development of test data that must
be submutted to the Agency for review under Federal regulations

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guidehine through a process of harmomzation that
blended the testing gwmdance and requirements that existed wn the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
National Technical Information Service (NTIS) and the guidelines pub-
lished by the Organizauon for Economuc Cooperation and Development
(OECD)

The purpose of harmonizing these guidelines into a single set of
OPPTS guwidelines 1s to minimize vanations among the testing procedures
that must be performed to meet the data requirements of the U S Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U S C 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(TUSC 136, et seq)

Final Guideline Release: This guidehine 1s available from the U S.
Government Pnnting Office, Washington, DC 20402 on disks or paper
copies call (202) 512-0132 This guideline 1s also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http //www epa gov/epahome/research htm) under the heading ‘‘Research-
ers and Scienusts/Test Methods and Guidelines/OPPTS Harmomzed Test
Guidelines *’
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OPPTS 870.5915 In vivo sister chromatid exchange assay.

(a) Scope—(1) Applicability. This guideline 15 intended to meet test-
ing requirements of both the Federal Insecucide, Fungicide, and
Rodenticide Act (FIFRA) (7 U S C 136, et seq ) and the Toxic Substances
Control Act (TSCA) (15U S C 2601)

(2) Background. The source materials used in developing this har-
monized OPPTS test guideline are OPPT 40 CFR 798.5915 In vivo sister
chromatid exchange assay and OPP 84-2 Mutagenicity Testuing (Pesticide
Assessment Guidelines, Subdivision F—Hazard Evaluation, Human and
Domestic Animals) EPA report 540/09-82-025, 1982

(b) Purpose. The sister chromatid exchange (SCE) assay detects the
ability of a chemical to enhance the exchange of DNA between two sister
chromatds of a duplicating chromosome The test may be performed in
vitro using cultured mammahan cells or iz vivo using nonmammahan or
mammalian tissues The most commonly used assays employ bone marrow
or lymphocytes from mammalian species such as muce, rats, or hamsters
Human lymphocytes may also be used

(c) Definition. The definitions 1n section 3 of TSCA and in 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guideline The following definmition also applies to this test guideline

Sister chromand exchanges are reciprocal interchanges of the two
chromatid arms within a single chromosome. These exchanges are visual-
1zed duning the metaphase portion of the cell cycle and presumably require
enzymatic incision, translocation and ligation of at least two DNA helices.

(d) Test method—(1) Principle. Animals are exposed to test sub-
stance by appropnate routes followed by adounmistratton of
bromodeoxyundmne (BrdU) A spindle inhibitor (e g, colchicine or
Colcemud®) 1s admunustered prior to sacnfice After sacnfice, tissue s ob-
tained and metaphase preparations made, stained, and scored for SCE

(2) Description. The method descnbed here employs bone marrow
of laboratory rodents exposed to test chemucals. After treatment with test
chermucal, ammals are further treated with BrdU and, prior to sacnfice,
with a spindie inhibstor (e g, colchicine or Colcerud®) to arrest cells 1n
c-metaphase After sacnfice, chromosome preparations from bone marrow
cells are made, stained, and scored for SCE .

(3) Animal selection—(1) Species and strain. Any appropnate mam-
mahan species may be used Examples of commonly used rodent species
include muce, rats, and hamsters

(n) Age. Healthy, young adult animals should be used
1



(1) Number and sex. At least five female and five male animals
per experimental and control group should be used The use of a single
sex or different number of animals should be jusuified

(1v) Assignment to groups. Animals should be randomuzed and as-
signed to treatment and control groups

(4) Control groups—(1) Concurrent controls. Current positive and
negative (vehicle) controls should be included 1n the assay

(n) Positive controls. A compound know to produce SCE in wivo
should be employed as the positive control

(5) Test chemicals—(1) Vehicle. When possible, test chemucals
should be dissolved in 1sotonic saline or distilled water Water tnsoluble
chemicals may be dissolved or suspended in appropnate vehicles. The ve-
hicle used should neither interfere with the test compound nor produce
toxic effects Fresh preparations of the test compound should be employed

(1) Dose levels. For an mitial assessment, one dose of the test sub-
stance may be used, the dose being the maximum tolerated dose or that
producing some indication of toxicity as evidenced by animal morbidity
(including death) or target cell toxicity The LDso 1s a suitable guide Addi-
tional dose levels may be used For determination of dose-response, at
least three dose levels should be used

(11) Route of administration. The usual routes of admunistration are
IP or oral Other routes may be appropnate

(1v) Treatment schedule. In general, test substances should be ad-
munistered only once However, based upon toxicological information a
repeated treatment schedule may be employed

(e) Test performance—(1) Treatment. Animals should be treated
with test chemucal followed by administration of BrdU. BrdU may be ad-
ministered by multuple IP njections, by continvous tail vein infusiton or
by subcutaneous implantation of tablets Ammals should be treated with
a spindle inhibitor (e g, colchicine or Colcerud®) 2 hours prior to sac-
rifice After sacrifice, bone marrow should be extracted and slides made
and prepared for SCE evaluation

(2) Staining method. Staining of slides to reveal SCEs can be per-
formed according to any of several protocols However, the fluorescence
plus Giemsa method 1s recommended

(3) Number of cells scored. The number of cells to be analyzed per
ammal should be based upon the number of animals used, the negative
control frequency, the predetermuned sensitivity and the power chosen for
the test Slhides should be coded before microscopic analysis
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(f) Data and report—(1) Treatment of results. Data should be pre-
sented in tabular form, providing scores for both the number of SCE for
each metaphase and the number of SCE per chromosome for each meta-
phase Dhfferences among animals within each group should be considered
before making compansons between treated and control groups

(2) Statistical evaluation. Data should be evaluated by appropriate
statistical methods

(3) Interpretation of results. (1) There are several critenia for deter-
muning a positive result, one of which 1s a statistically significant dose-
related increase 1n the number of SCE Another cniterion may be based
upon detection of a reproductble and statistically sigmificant positive re-
sponse for at least one of the test points

(u) A test substance which does not produce either a statistically sig-
nificant dose-related increase in the number of SCE or a statistically sig-
mficant and reproducible positive response at any one of the test points
1s considered not to induce rearrangements of DNA segments in this sys-
tem

(i) Both biological and statistical significance should be considered
in the evaluation

(4) Test evaluation. (1) Positive results in the i vive SCE
assayindicate that under the test conditions the test substance induces re-
ciprocal interchanges in the bone marrow of the test species

(1) Negative results indicate that under the test conditions the test
substance does not induce reciprocal interchanges in the bone marrow of
the test species

(5) Test report. In addition to the reporting recommendations as
specified under 40 CFR part 792, subpart J, the following specific informa-
tion should be reported

(1) Species, strain, age, weight, number, and sex of amimals in each
treatment and control group.

(i1) Test chemucal vehicle, dose level used, rationale for dose selec-
tion, toxicity data, negative and positive controls

(1) Route and schedule of admunistratuon of both test chemical and
BrdU

(1v) Idenuty of spindle inhibitor, 1ts concentration and duration of
treatment

(v) Time of sacrifice after admunistration of BrdU

(v1) Details of the protocol used for slide preparation
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(vn) Cnitenia for scoring SCE
(vm) Dose-response telationshup 1f apphicable

g) References. The following references should be consulted for ad-
ditional background matenal on this test guideline

(1) Allen, JW et al Bromodeoxyundine tablet methodology for in
vivo studies of DNA synthesis Somatic Cell Genetics 4 393—405 (1978)

(2) Allen, JW et al Simplfied techmque for in vivo analysis of
sister chromatild exchanges using 5-bromodeoxyundine tablets Cyro-
genencs Cell Genencs 18 231-237 (1977)

(3) Latt, S A et al Sister chromatid exchanges A report of the U.S.
EPA Gene-Tox Program Mutation Research 87 17-62 (1981).
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